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This  publication  aumirwiz*  !he  Independent  Reaeerch  and  Indeperxient 
Exploratory  Dwelopmen .  program  at  the  Nwd  Undersea  Center  for  Fiscal  Yaar  1971. 
Nina  projects  awe  selected  for  highlighting  this  yaar.  Of  facial  interest  la  the  con¬ 
tinuation  of  our  intaraat  in  marina  biology  avidanerl  by  an  examination  of  an  eco¬ 
logical  rystam,  a  description  of  venomous  and  dangerous  animals  affecting  naval 
operations,  an  exploitation  of  porpoise  physiology  for  sonar  design,  and  the  use  of 
various  human  anatomical  and  sensory  characteristics  In  developing  an  artificial  pinna 
and  a  heed-coupled  television  control  for  CURV.  More  purely  engineering  are  re¬ 
ports  on  an  NUC  hydrodynamic  transducer  and  on  the  construction  of  models  of 
tubmeisibles  of  reinforced  concrete. 

The  imagination  of  the  NUC  individual  investigator  and  his  free-wheeling 
approach  to  the  Navy's  problems  is  becoming  more  evident  each  year.  While  this 
approach  is  certainly  affected  In  the  application  of  IR/IED  funds,  it  is.  sadly,  not 
always  true.  From  existing  concepts,  like  many  of  these  presented  here,  will  come 
die  order-of-magnitude  improvement  in  future  Navy  operational  capability.  If 
conventional  active  sonar  has  limitations,  perhaps  a  next  ■generation  sonar  will  copy 
the  senaory  equipment  of  the  porpoise.  A  small  attack  submersible  of  the  future 
might  wwll  be  equipped  with  pinne-like  senaors  and  a  head-coupled  control  mecha¬ 
nism,  leaving  the  pilot  free  for  other  duties  Just  ae  a  soldier  in  battle  doesn't  have  to 
think  about  locomotion  or  steering  himself.  Of  more  immed:et»  practicability,  and 
tremendoudy  important  is  th«  cataloguing  of  dangerous  and  venomous  animals  so 
that  fighting  man  will  be  able  to  cope  with  thaw  hitherto  unknown  dangers. 

NUC  continues  therefore  to  provide  a  broad  ban  of  scientific  knowledge 
and  technology  through  the  application  of  IR/IED  funds.  This  base  must  be  sub 
rtantial  so  that  re.  ilting  application  to  engineering  design  and  equipment  win  be 
substantial.  The  a  stifle  and  anginaering  health  of  this  Center  will  continue  to 
depend  upon  the  wise  application  of  thesa  resources. 

NOTE:  No  IR/IED  projects  were  terminated  during  this  reporting  period. 
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PORPOISE  SONAR  SIMULATION,  AN 
APPROACH  TO  IMPROVED  8 MALL* 
OBJECT-DETECTION  SONAR 


The  Navy's  interest  in  biological  sonar,  particularly  that  of  various  cetacean 
spec «is,  it  well  documented.  The  primary  impetus  for  this  kind  of  research  has  been 
the  possibility  of  applying  the  elements  of  the  biological  system  (uch  at  frequency 
ranges,  levels  of  energy  output  signal  characteristics,  and  critical  features  of  the 
processing  system)  to  the  improvement  of  present  concepts  of  son  v  design.  It  has 
baen  commonly  asaumad  that  all  cataceen  species  possess  and  utilize  active  sonar 
systems  for  navigation  and  food  finding,  v.herees  the  use  of  active  echoranging  has 
actually  been  demonstrated  for  only  a  few  species.  The  major  problems  in  obtain¬ 
ing  these  kinds  of  quantitative  demonstrations  have  baen  in  positively  determining 
the  source  of  sounds,  the  pathways:  for  their  projection,  the  characteristics  of  the 
projected  signal  and  the  comparative  characterisitcs  of  tht  reflected  signals,  and  in 
identifying  and  describing  the  new  most  critical  in  sound  reception  and  processing. 
The  problem  has  baen  further  compounded  by  the  ncture  of  the  signals  the  animals 
use  (10-  to  100  «sec  pulses)  nnd  the  fact  that  this  type  of  waveform  is  essentially 
foreign  to  more  conventional  concepts  of  sonar  design.  Even  in  tha  few  instances 
demonstrating  that  a  species  does  utt  such  »  system,  it  has  bean  difficult  to  deter 
mi  se  which  charactxisttcs  of  the  target  echo  the  animals  are  using  to  make  the  dis¬ 
crimination.  Transmitted  signals  and  their  resulting  echo  waveforms  are  often  dis¬ 
torted  by  environmental  effects  (multipath  problems).  This  situation  is  further 
complicated  by  the  complex  heed  scanning  motions  that  are  aaociated  with  the 
•cho location  barw.4ior  of  most  species  observed. 

In  an  attempt  to  obtain  answers  to  these  basic  question,  this  laboratory  has 
conducted  a  atrits  of  progressively  more  sophisticated  experiments  on  dolphin 
ecborerging  during  the  last  several  years  The  first  study  consisted  of  conditkx  mg 
two  Atlantic  bobienoee  porpoises  {Turvaps  rrvnatus)  and  one  Pacific  whittvdtd 
porpoise  Ujfwurft  idka M^u^ens)  to  identify  a  standard  target  (a  0.22  cm  copper 
diac)  and  than  asking  them  to  distinguish  between  that  standard  target  and  another 
target  of  similar  size,  shape  and  reflectivity  This  study  demonstrated  that  both 
ipecias  could  distin^ iih  oe tween  the  standard  target  and  targets  very  similar  n 
acoustical  characteristics  to  the  standard,  i.a.,  tl  dB  in  tarpt  strength  (Fig  i) 


A  furdwr  sophistication  of  test  targtts  ww  attained  when  a  aet  of  precision 
cylinders  wes  daaigned  and  fabricated  under  contract  by  the  Apolied  fteaearch 
Laboratory  In  Austin,  Texas  These  large  s  were  7  >r.  long  cylinders  of  a  cork 
neoprene  compound  (Armstrong  Oloroorene,  type  DC- 100).  which  var*ad  m 
target  strength  as  a  function  of  diameter  m  1  O-dft  or  0  S-dB  increment*  With 
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the*  targets.  snother  series  of  tacts  mas  conducted  with  a  T.  trunctnn  and  with  an 
Amazon  River  dolphin  Unit  /ttffrtma).  Each  of  tha  animals  was  blindfolded  and 
aakad  to  distinguish  between  the  standard  target  end  a  second  target  The  differ¬ 
ence  between  the  two  targets  was  gradually  reduced  to  determine  the  subtlety  of 
differences  which  the  animals  were  capable  of  detecting.  The  Tunkopt  exhibited 
the  ability  to  differentials  consistently  between  the  standard  target  { — 19  dB)  and 
targets  varying  only  0.5  dB,  i.a.,  —18.5  dB  and  -19.5  dB  (Fig.  2),  while  the  Aw 
wet  capable  of  distinguishing  reliably  between  the  standard  and  targets  of  -17  and 
-21  dB  (Fig.  3). 


More  recently,  a  further  sophistication  in  method  of  study  has  been  used  to 
minimize  the  distorting  effects  attributable  to  medium  and  animal  movements. 

By  means  of  attached  tensors,  recordings  wort  made  of  signed  from  three  species 
of  Odontocetes  (7.  ftaeceae.  /.jwHf wm.  and  the  killer  whale,  Ooiwrorcf)  condi¬ 
tioned  to  perform  the  same  diacrimination  task  described  above  (Fig.  4).  While 
performing  the  discriminations,  each  of  the  animals  wore  a  sophisticated  aeries  of 
transducer  hydrophone  arrays  on  the  wees  of  the  head  and  rostrum  prmrioudy 
identified  ■  being  involved  in  sound  production  and  reception  (Fig.  B).  AT  theped 
array  of  four  transducers  13*4101  hydrophone  elements)  was  placed  by  aiction  cup 
on  tht  anterior  ad  of  the  rostrum  and  uied  to  mature  the  angular  distribution  of 
acoustic  signals  protected  from  the  anterior  mirfac*  of  the  heed.  A  transducer. 
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pieced  jut;  behind  thi*  array  on  the  rostrum,  provided  a  reference  point  for  all  re¬ 
cordings.  and  additional  BM 101  hydrophone  elements,  one  placed  on  each  of  the 
eye  cups,  served  to  detect  the  echo  at  the  animal  during  a  target  run.  Typical  wave¬ 
forms  measured  at  the  various  locations  by  means  of  these  instruments  are  shown 
in  Fig.  6. 

At  this  time  an  additional  project  is  attempting  to  measure  the  maximum  dis¬ 
tance  at  which  T.  tmnatas  can  distinguish  between  the  calibrated  chloroprene  targets. 
The  technique  effectively  Involves  placing  the  two  targets  on  either  side  of  a  screen 
which  extends  from  the  wall  behind  the  targets  towards  the  animal's  approach  path 
and  forces  her  to  select,  at  a  given  distance,  one  of  the  two  targets.  The  distance  at 
which  she  will  be  required  to  make  the  decision  will  be  continually  increased  until 
the  animal  is  no  longer  able  tc  maka  a  correct  decision  at  more  than  a  chance  level, 
-uture  lesearch  will  concentrate  on  defining  those  characteristics  of  the  echo  which 
provide  the  most  important  coat  in  target  classification. 

The  rests  conducted  during  the  FY  71  phase  of  this  program  resulted  in: 

•  Lee.,  ..on  of  the  porpoise  sonar  sound  source,  just  anterior  to  the 
blowhole  at  a  depth  of  2  cm 

•  Definitive  description  of  the  emitted  field  (both  near  and  far) 

•  Accu  r*te  electroacoustic  simulation  of  the  porpoise  sonar  waveforms 

•  Establishing  that  Odontocete  cetaceans  produce  a  "generic’’  type 
of  wa.  storm  which  generally  differs  from  species  to  species  only 
in  source  level  and  peak  frequency 

A  related  relationship,  which  warrants  more  extensive  investigation,  has  begun 
to  emerge  The  peak  sound  energy  of  the  three  species  instrumented  and  examined 
vanes  inversely  with  body  sire  (Fig.  7). 

The  suoces  of  the  I R  funded  FY  71  progrem  in  porpoise  sonar  simulation  is 
evidenced  in  the  recent  censorship  obtained  from  Ships  System#  Command  to  con¬ 
tinue  certain  phases  of  this  raw  arch. 
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ANIMAL  ATTRACTION  TO  SUNKEN 
SUBMARINES 

During  I960  «nd  1970  two  submarine*  wn  sunk  off  San  Clemente  Island  as 
part  of  weapon  evaluations.  A  former  fleet  sub,  the  _x-USS  Bmfoti,  went  down  in 
November  1909  at  a  depth  of  1900  ft  off  the  west  coast  of  the  island,  white  the  ax- 
USS  HbrtY  went  down  in  June  1970  in  ISO  ft  of  water  off  the  east  coast  of  the  island. 
These  events  provided  unique  opportunities  to  study  the  effects  on  the  bottom  ecology 
of  the  intrusion  of  a  substantial  hulk.  A  knowledge  of  the  change  in  ecology  may  be 
of  value  in  performing  rescue  or  salvage  operations  on  sunken  submarina,  evaluating 
the  impact  of  ordnance  dumps  in  the  deep  sea,  or  simply  locating  sunken  ships. 
Further,  with  the  first  Deop  Submergence  Rescue  Vehicle  (DSRV)  approaching  op¬ 
erational  status,  nuisance  animate  attaching  to  or  sitting  on  the  areas  of  escape  trunks 
ere  also  of  immediate  concern.  The  objective  of  this  program,  then,  was  to  survey 
the  ocean  bottom  before  end  after  the  sinking  of  the  submarines  and  determine  any 
changes  in  ecological  parameters  and  patterns  in  the  immediate  vicinity. 

The  approach  wet  to  utilize  CURV,  the  Navy's  Cable-Controlled  Underwater 
Research  Vehicle,  to  survey  the  two  areas.  Its  television  cameras  were  monitored  on 
the  surface,  awl  its  36mm  color  camera  on  the  bottom  provicted  a  photoyaphic 
record  for  data  analysis.  Three  preliminary  surveys  were  conducted  in  the  ere*  of 
the  tx-Suniok  to  provide  baseline  data  on  the  animate  present  before  sinking,  but  un 
fortunately  draimstancM  prevented  preliminary  analysis  of  the  ex-Moray  sits.  How¬ 
ever  the  ex  Moray  was  observed  and  photographed  a  month  after  sinking.  The  first 
sunmy  after  the  sinking  was  made  in  July  1970  and  the  second  in  September  of  the 
seme  year.  The  next  survey  came  in  April  1971.  Thj  first  post -sinking  survey  of  the 
exSmfah  came  in  December  1909.  Surveys  were  later  conducted  in  January  and 
June  1970  and  June  1971.  Approximately  1500  photryaphs  were  taker,  of  the 
ex  Jteray  site  after  Its  sinking.  At  the  tx-BurrfVt  site,  1500  were  taken  before  the 
sinking  and  3000  efts'. 

It  wn  expected  that  marine  Ufa  would  be  wo  acted  to  both  sub  rear  in**,  but 
since  the  depths  involved  were  considerably  greeter  than  peviouf  work  with  artificial 
reefs,  it  was  not  at  all  oartaln  what  would  happen  In  detail  It  is  well  known  that  in 
the  marine  ervrronment,  natural  reef  hebitati  support  a  most  impressive  diversity  and 
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abundance  of  plant  and  animal  lift.  Natural  reef*  Include  coral  reefs,  kelp  bad*,  and 
certain  configuration*  of  rock  outcrop*.  Thriving  communitie*  exist  in  theta  area* 
because  the  reefs  provide  protection,  food,  and  an  attachment  lit*. 

During  the  last  10  years,  a  new  type  of  reef  has  become  increasingly  important- 
thc  artificial  reef.  Differ  it  organizations  throughout  the  world  have  been  establish¬ 
ing  such  reefs  off  their  <x  using  averything  from  automobi  le  wracks  to  old 
streetcars  to  truck  tires  to  toilet  bowls.  The  results  have  been  quite  dramatic.  In 
some  cases,  schools  of  fish  have  moved  into  the  area  within  1/2  hour  of  reef  place¬ 
ment.  and  in  others  the  fish  population  has  Increased  around  the  new  reef  by  300  per¬ 
cent  within  a  period  of  a  few  yeer*.  It  is  not  only  fish  that  are  attracted,  however. 


*1*.  1.2.1  f  m  rei  <ww  arts**  nifcwi  «t  1 K  ft 
9h*r  9  momh*,  to  r* 

most  ftfeckimith  <n+to*h). 

ttmotmms  1*»h»*ii  *•<***#» 

LTii  pm  ipj,  Plrch  Cfwbibwiai  *)1. 


As  a  matter  of  fact,  the  fish  are  necessarily  supported  by  the  invertebrates  and  plant 
life  that  have  also  become  an  initial  part  of  the  reef  community.  The  fish  might 
Initially  oome  Into  the  areas  for  the  protection,  in  the  form  of  hiding  places,  afforded 
by  the  reef,  but  they  would  not  remain  there  if  the  food  supply  ware  inadequate. 

As  with  most  natural  reefs,  which  are  shallower  than  100  ft.  most  of  the  work 
don*  with  artificial  if*f*  has  been  in  100  ft  of  weter  or  less.  The**  depth  limitations 
are  imposed  by  the  attached  algee,  which  thrive  in  shallow  weter.  and  the  ease  in 
working  eeth  SC  USA  m  shallow  water  for  field  anetysis  of  reef  effectrvenea*.  Having 
on#  artificial  reef  in  the  form  of  a  submarine  at  150  ft  and  another  it  1 500  ft  will 
provide  valuable  informetion  for  ascertaining  tlie  significance  of  artificial  reefs  at  dff 


*ertnt  depth*  and  the  process**  that  art  involved  in  establishing  new  communities  at 
those  depths. 

*  .In  the  case  of  the  ax-Monyax '  50  ft,  many  fish  had  apparently  taken  up  at  least 
semipermanent  residence  lets  th«n  1  month  after  tha  submarine  was  sunk  As  men¬ 
tioned,  no  surveys  wore  conducted  before  the  sinking,  but  the  greater  number  of  fish 
around  the  submarine,  as  opposed  to  nearby  areas  at  the  same  depth,  is  quite  appar¬ 
ent.  As  the  CURV  moved  along  the  bottom  and  approached  the  ax-Moray,  i*  started 
to  photograph  from  distances  of  about  100  ft.  and  few  fish  were  observed.  But.  as 
soon  as  the  sub  was  visible  at  a  distance  of  approximately  1 5  ft,  fish  could  be  seen  in 
the  hundreds.  Since  the  fish  are  the  most  mobile  animals  in  the  area,  one  would  ax- 
pea  them  to  be  the  first  inhabitants  of  the  new  reef.  Surveys  3  months  and  9  months 
after  sinking  revealed  even  more  fish,  with  the  last  survey  showing  fish  in  almost  every 
photo. 

Tha  ax-Mvey  sits  on  a  sandy  bottom.  There  are  a  faw  rock  outcrops,  and  a 
hydroid-bryozoan  community  carpetr  the  bottom  in  surrounding  areas.  Numerous 
muaete  were  also  observed  in  certain  patches  on  the  bottom,  but  it  is  believed  that 
this  pooulatkm  is  extraneous,  since  J tytihn  sp.  is  usually  found  at  a  much  shallower 
depth.  It  is  believed  thet  clumps  of  these  mussels  were  knocked  off  from  higher 
zones  and  came  cascading  down  or  that  perhaps  they  were  knocked  off  the  hull  of 
the  submarine  during  sinking.  Many  empty  mural  shells  were  observed.  These  ani¬ 
mals  were  killed  by  the  explosion  before  the  sinking  or  fell  victim  to  predation  by 
starfish.  Thtre  was  photographic  evidence  that  starfish,  both  Ptttrm  mmuta  and 
Pytnopodia  Mmtftonks,  were  actively  feeding  on  these  mussels.  One  ptctui  e  shows 
a  starfish  feeding  on  mussels  still  attachad  to  the  bottom  of  the  submarine. 

Because  of  the  fouling  organisms  that  ware  attached  to  the  submarine  before 
sinking,  it  is  difficult  to  tell  which  animals,  if  any,  have  started  to  eolonire  the  hulk 
itself  There  is  little  evidence  thet  animals  attached  to  the  sub  while  on  tha  bottom 
and  nothing  very  indicative  of  attraction  on  the  pen  of  the  more  mobile  invertebrates 
expected  to  aggregate  on  and  around  tha  submarine.  Mott  in  evidence  were  the  star¬ 
fish  feeding  on  the  mussels,  hut  these  were  not  attracted  by  the  sub  itself.  However, 
most  of  the  initial  oolomrers  of  the  reef  are  relatively  small  m  size  and  would  be  very 
difficult  to  see  in  a  photograph.  The  fish  most  common  in  the  area  of  the  submarine 
and  apparently  using  it  for  shelter  ere  the  blacksmith  iOnnhpuncupnntf),  sheephead 
[Pin**: -mtopon puktoum } .  mckfish  (Maries  tp.),  and  perch  (fmheiea  sp).  Since  this 
particular  artificial  reef  has  been  in  operation  for  le*s  than  1  year,  there  may  not  haw 
been  enough  time  for  the  initial  colonizers  to  establish  themnlves.  If  they  do.  one 
aouk!  predict  the  influx  of  the  larger  mobile  invertebrates  and  the  establishment  of  a 
thriving  community  with  its  own  food  web 

In  the  case  of  tha  ex-tferr/rs*.  three  surveys  were  conducted  before  the  subma 
rine  we*  sunk,  and  over  1500  photos  w era  available  fry-  analysis  of  the  bottom  m  the 
area  where  the  tub  was  scheduled  to  go  down.  These  revealed  a  bottom  of  toll  sand 
and  mud  with  a  gentle  slope  snd  vary  few.  isolated  rock  outcrops.  Tha  epfbenthic 
mecrofeunal  community  was  donwrwted  by  echirx.  I'm  In  order  of  decreasing 
abundance  wer#  found  heart  urchins,  probably  Brimttr  sp  and  Brrmr&t  sp. .  regular 
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urchins  ( Alloctntrotus  frtgilis );  unidentified  sea  anemones;  sea  cucumbers,  brittle  stars, 
glass  sponges,  fish,  and  crabs.  It  must  be  remembered  that  although  the  echinoderms 
made  up  over  90  percent  of  the  animals  living  on  the  bottom,  they  actually  consti¬ 
tute  only  4  or  5  percent  of  the  total  biomass.  The  reason  for  this  is  the  enormous 
numbers  of  animals,  like  polychaece  worms,  living  in  the  sediment  itself  and  not 
visible  to  the  camera.  This  analysis  by  necessity  only  includes  those  animals  normally 
found  on  the  bottom  surface. 


Although  the  burrowing  heart  urchins  were  the  most  abundant  animal  in  the 
preliminary  surveys,  the  particular  site  where  the  submarine  actually  touched  bottom 
at  1 500  ft  vws  dominated  by  the  pink  sea  urchin  t Allocentrotus  frtgilis).  Further,  this 
site  was  much  more  sparsely  populated  than  those  prevr usly  surveyed.  Therefore, 


r  "  ■  •  •  1 
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Fig.  A.  Bottom  at  1600  ft  btfort  linking  of  uirfhh,  ihowlr^ 
most  abundant  animals  -  burrowing  heart  urchins,  pink  tu 
urchin  {Atfoetntratvs  fafttfr),  and  see  cucumber. 

Fig.B.  Crab  [Ptnlomis  sp.l  sitting  on  dotachij  place  of  ax* 
Burrfbh  at  1500  ft. 

Fig.  6.  Crab  (ftarefcmfe  sp.l  and  aggregation  of  sea  cucumbers 
with  submarine  in  background. 


it  should  be  easier  to  determine  any  influx  of  marine  life.  Because  of  the  depth  in¬ 
volved,  one  would  not  expect  the  same  type  of  reef  to  be  established  as  around  the 
ex-Moray.  In  the  first  place,  there  are  not  as  many  fish  on  the  bottom  at  1500  ft 
around  San  Clemente  as  thet  e  are  at  1 50  ft,  and  they  do  not  exhibit  the  same  school¬ 
ing  behavior.  Secondly,  there  are  no  plants  at  1 500  ft,  so  on?  would  not  expect  to 
find  algae  attaching  to  the  hull  of  the  submarine.  For  that  matter,  there  ere  few 
fouling  organisms  attaching  at  that  depth.  Thus  a  colonizing  community  of  attached 
plants  and  animals  would  not  occur  here. 

To  date,  20  months  after  the  tx-Burrfish  wes  put  down  in  1 500  ft  of  water,  the 
two  animals  apix.ently  attracted  to  the  sub.nar;n“  are  lithodid  crabs  (Pttalomis  sp.) 
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and  Aspidochirota  sea  cucumbers.  Owing  the  preliminary  surveys,  only  on*  or  two 
of  these  crabs  were  seen,  but  over  six  have  been  photographed  in  the  immediate 
vicinity  of  the  submarine,  in  most  cases  standing  on  or  next  to  debris  from  the  sub. 
The  sea  cucumbers  were  quit*  numerous  in  preliminary  surveys  but  not  aggregated 
in  the  seme  gregarious  way  in  which  they  are  now  found  within  15  ft  of  the  ex-Arr- 
fith.  The  same  is  trua  for  the  ftw  fish  that  were  observed.  They  could  be  found  In 
some  cases  sitting  together  in  groups  of  two  or  three  on  and  around  parts  of  the  sub¬ 
marine.  What  seems  somewhat  surprising  is  that  very  few  animals  were  on  the  sub¬ 
marine  it* 'If.  In  previous  experience  with  the  park  sea  urchin  (AUoamrona  fragita) 
at  the  proposed  SEALA8  III  site  at  800  ft,  it  aggregated  on  bottom  equipmen- 
Thus  it  wes  expected  to  crawl  all  over  the  sub  in  great  numbers.  This  apparent 
anomaly  may  be  explained  by  the  large  size  of  the  submarine,  which  would  place  the 
urchins  some  distance  above  the  natural  sandy  bottom.  On  the  other  hand.  It  may 
just  be  too  soon  to  tell. 

In  summary,  influx  of  marine  life  in  the  area  of  the  tx-Mortytn.  150  ft  has  been 
much  more  rapid  and  dramatic  than  in  the  area  of  the  •x-futrrfidt  at  1 500  ft.  This  is 
due  in  part  to  the  mobility  of  the  fisha*  in  tha  area  and  the  number  of  schooling 
fishes.  From  th«  photographs,  it  does  not  appear  that  any  of  the  larger  mobile  inver¬ 
tebrates  have  oo me  into  the  area,  except  the  starfish  that  have  moved  in  to  feed  on 
the  mussels.  At  the  axBurrffsh  sit*,  however,  movements  of  fish  have  not  been  very 
pronounced,  although  there  are  fish  closer  together  around  the  submarine  than  in 
o'.  er  areas.  Most  dramatic  in  the  area  of  tha  tx-Burrfish  are  the  crabs  seeking  protec¬ 
tion  around  the  submarine  and  the  comparatively  large  aggregations  of  sea  cucumbers. 

Thes*  studies  are  just  beginning.  Baseline  data  are  being  gathered.  Itwillproba 
bly  take  years  ftv  all  the  ecological  patterns  to  be  completed  and  the  available  niches 
around  the  submarines  to  be  filled.  It  does  appear  that  colonization  of  the  ex-Mony 
at  150  ft  will  occur  much  more  rapidly  than  colonization  of  the  ex-Burrftsfr  at  1500  ft. 
Eook){ricel  processes  are  generally  more  depressed  at  greater  depths,  and  it  will  take 
longer  for  all  tha  patterns  to  emerge  and  establish  the  reef  community  food  chain. 
Once  th«  information  is  in,  however,  we  can  better  evaluate  the  *co logical  iinnact  of 
deep  dumping  sites  us*d  for  things  like  obsolete  ordnance  and  weapons  I;  will  also 
aid  in  the  selection  of  potential  dump  sites,  should  they  be  required,  or  suggest  other 
techniques  for  disposal.  Study  of  the  colonization  of  the  hulks  will  yield  valuable 
data  concerning  rescue  and  salvage  operations,  such  as  potential  interference  from 
attached  animals  or  semipermanent  residents.  Fu,'Ther,  w*  will  gain  more  insight  re 
garding  nuisance  merin*  enimels  that  might  congregate  in  future  undersea  habitats. 
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VENOMOUS  AND  DANGEROUS  ANIMALS 
AFFECTING  NAVAL  OPERATIONS 


INTRODUCTION 

This  Independent  Research  program  was  funded  as  a  discrete  research  project 
for  the  first  time  on  16  August  1970.  Funding  was  terminated  30  June  1971.  During 
the  lOVmonth  tenure  of  the  p-oject,  research  inn  several  important  aspects  of  the 
basic  problem-encounters  with  potentially  harmful  or  lethal  animals  by  Navwi  per¬ 
sonnel  (including  UDT,  SEAL,  end  Marine  Corps  troops) -was  undertaken  with  sev¬ 
eral  goals  in  mind. 

The  firjt.  sitort-tenm  goal  was  production  of  a  Handbook  of  Dangerous  Animals 
basod  on  a  solid  research  format  (described  belnw),  and  designed  for  use  by  the  per 
sonnet  most  ooncerned-the  troops  in  the  field.  During  extensive  interviews  with 
potential  users,  it  became  apparent  that  such  a  source  of  information  concerning  po¬ 
tentially  dangerous  animals  frequently  or  occasionally  encountered  was  not  available 
to  these  personnel,  that  such  a  source  of  information  wo  jld  be  enthusiastically  wel¬ 
comed,  and  that  about  80  percent  of  those  with  one  or  more  tours  oversees  had  ex¬ 
perienced  one  to  several  encounters  with  potentially  dangerous  animals,  a  few  under 
rather  harrowing  circumstances. 

It  was  laarned  that  such  a  source  of  information  would  have  a  distinctly  bene¬ 
ficial  psychological  effect  on  the  attitudes  of  the  men  toward  the  potentially  dan¬ 
gerous  animals  they  are  likely  to  encounter. 

A  related,  longer  term  goal  involved  production  of  subsequent  editions  of  the 
Handbook  to  include  additional  animals  and  geographical  areas  found  to  he  of  Impor¬ 
tance,  and  a  broadening  of  orientation  to  include  Army  and  Air  Force  interests  as 
well.  To  the  best  of  our  knowledge,  neither  organization  is  conducting  a  similar 
program.  This  we  hoped  eventually  to  produce  an  all-service  handbook  of  relevance 
and  value  to  operational  personnel  of  all  brsnehas  in  the  fieid.  No  such  product  exists 
today,  although  at  least  two  good  handbooks  and  one  recent  comprehensive  treatise 
on  dangerous  marine  animals  have  substantial  value  to  persons  with  access  to  them 
and  a  suitable  educational  background.  The  goel  was  to  produce  a  scientifically  ac¬ 
curate,  well-illustrated,  plain  language  manual  that  would  cover  important  biological, 
behavioral,  and  medical  aspects  of  the  common ei  dangerous  animels  encountered, 
primarily  in  S.  E.  Asia. 

A  fir.il,  concurrent  aspect  of  the  Dangerous  Animels  Program,  no  lets  Important 
than  the  others,  involved  establishment  of  Uboratory  end  research  studies  aimed  at 
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strengthening  weak,  but  important,  areas  in  our  knowledge  of  potentially  dangerous 
animals  that  came  to  light  as  the  various  sections  of  the  Handbook  were  compiled. 
Further,  this  research  wes  intended  to  investigate  relevant  mtdical  aspects,  such  as 
potentially  useful  detoxifying  agents  for  snake  venoms. 

Three  such  studies  have  already  produced  substantial  preliminary  results.  One. 
e  study  on  behtvior  of  sea  snakes  'when  seized  or  otherwise  restrained,  was  recently 
published,*  wl<..e  ancillary  obse.  rations  of  sea  snake  responses  to  nearby  SCU8A 
divsrs  in  the  water  have  been  presented  in  detail  in  another  study  on  relevant  aspects 
of  sea  snake  biology.*  The  third  study,  on  snake  venoms,  is  aimed  at  defining  th* 
mejrr  toxic  factors  common  to  the  venoms  of  the  most  frequently  encountered 
snakes,  and  producii .g  an  antitoxin  that  will  be  efficacious  against  all  of  these  species. 

The  goal  of  the  thiro  studv  is  to  produce  an  antidote  fot  snake  bite  envenoma 
tion  that  csr.  be  belt-carried  by  field  personnel  and  requires  no  refrigeration.  This  is 
a  difficult  I'd  comparably  longer  term  goa*.  requiring  facilities  not  at  present 
available  at  NUC.  Toward  tl.^  end  of  dw  1044-month  funding  period,  preliminary 
studies  on  sea  snake  nnem,  the  most  potent  of  all  snaka  venoms,  were  nearing  com¬ 
pletion  and  resulted  in  three  manusc  pts  now  in  final  stages  of  preparation. 

Tollowing  is  a  detailed  desc.  iption  of  the  two  main  aspeot>  of  this  ptogram 

THE  HANDBOOK 

In  1989,  prior  to  pieparation  of  the  I fi  program  summoi  y  proposal,  interviews 
were  conducted  and  briefing;  wv.  a  held  for  the  three  UDT  teams  and  certain  officers 
ot  Special  Warfare  Group,  Pacific.  Subseouer.tly,  there  have  been  meetings  with 
Marine  Corps  officers  and  with  arsonnel  of  the  Army  Medical  Corps  and  the  Navy 
Bureau  of  Medic'ne,  Substantial  enthusiasm  was  the  characteristic  response  from 
every  quarter,  and  the  pro  j*am  has  banefirted  from  suggestions  and  descriptions  su[ 
plied  by  the  men  themselves  of  actual  encounters  with  potentially  dangerous  animals 

As  predicted,  the  true  seriousness  .  the  problem  of  encounters  with  poten¬ 
tially  lethal  animals  is  not  that  bevvy  casualties  are  sustained,  but  th.  psychological 


•G.  V.  PtcktAfOll.  "Knotting  *rd  cpHlnfr  in  th«  p*l«g«c  ***  f»a  r>iarv*vt  Comm, 

Vol  7. l£7l,  pp  M8O60. 

fG.V  "To*a«fd  •  biology  of  ms  hhI^."  No.  4,  197 1  (inpr«u). 
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affects  produce  responses  on  the  part  of  field  personnel  often  or  occasionally  detri¬ 
mental  to  their  missions.  It  wes  felt  by  most  who  were  Interviewed  that  these  fears 
would  be  partially  offset  by  information  obtained  from  the  proposed  Handbook,  and 
ultimately  relieved  to  a  greet  extent  if  and  whvn  an  antitoxin  could  be  developed  to 
be  carried  end  used  by  the  troops  in  the  field.  Field  personnel  have  been  bitten  and 
killed  by  venomous  snakes,  however,  and  there  are  whet  appear  to  be  reliable  reports 
of  missions  that  were  aborted  because  large  crocodiles  ware  known  to  be  present. 

The  first  edition  of  the  Handbook  will  contsin  sections  on  individual  groups  of 
animals,  each  section  written  by  ons  or  mors  authorities  on  the  biology  of  that  par¬ 
ticular  group.  The  sections  will  contain  descriptions  of  individual  species,  geographical 
distribution,  habitat  descriptions,  and  wherever  possible,  photographs  in  color  of  the 
animal  in  question.  Additional  information  wilt  induda  comments  on  the  relative 
potency  of  the  venom  (in  the  case  of  snakes),  and  aocounts  of  what  suitable  medical 
treatment  is  available,  what  methods  arc  bast  to  follow  to  counter  possible  attack  by 
the  animal  in  question,  and  what  to  do  if  bitten  or  seized  (as  in  the  cast  of  crocodiles). 

Should  funding  cont'nui,  it  is  planned  to  update  existing  sections  and  add  new 
ones  as  the  need  arises  and  new  information  becomes  available.  Updating  of  indi¬ 
vidual  sections  and  entries  within  sections  will  be  facilitated  by  producing  the  Hand¬ 
book  in  loo«-leaf  form. 

A  medical  section  is  planned  that  will  provide  relevant  information,  not  available 
elsewhere,  of  importance  to  field  medical  personnel.  Examples  from  the  first  edition 
are  laboratory  studies  of  the  effectiveness  of  various  commercially  available  anti- 
venins  in  die  treatment  of  snake  bite  from  several  venomous  spedes  common  in  S.  E. 
Ada.  These  works  are  supplied  by  the  U.  S.  Army  in  a  very  welcome  first  effort  at 
collaboration  on  this  project. 

It  is  planned  to  have  the  manuscript  for  the  first  edition  of  the  Handbook  com¬ 
pleted  about  October  1971.  An  outline  of  tha  first  edition  of  the  Handbook  follows: 

NUC  HANDIOOK  OF  DANGEROUS  ANIMALS  FOR  FIKLD  PERSONNEL 
(Produced  m  Collaboration  with  Units  of  tbe  U-S  Army  Medical  Corps) 


Content* 

A.  Introduction,  by  G.  V.  Pickwdl  Jk  W.  L  Evanv  editors 

Awn  of  the  Handbook.  A  Word  about  Formal.  Uar  of  the  Handbook. 

Additional  Information:  Where  Available.  Whom  to  Contact 

Supplyhtj  Uaafltl  InfotmatJoa  to  tho  toil  on  (inchidee  a  tear -out  queettonatfe). 

H  Sea  Snakes  of  Viet  Mam  and  S.  E.  Ada.  by  C.  V.  ft ckwdi 

Where  l  ound  Abundance.  Ajjrearivcnca*  Predictable  Behavior 
Idcntifkatloa.  How  to  Tell  a  Sea  Snake  front  an  Eel. 

Toxicity  of  Venom.  Medical  Treatment 

<’  Venomous  Land  Snakes  of  S.  E.  Aaia.  by  51.  W.  Campbell 
Where  Found.  Ajfimfreocae.  What  to  Do  if  silica. 

Speeici  Account*  (includes  photo.  dhtribatiw  map.  important  fenerat  in  form  a  tier) 
a  Vlpcrv  b.  Cobne  jmi  Their  ft  ala  that. 
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D.  Crarodikt  of  S.  Ami.  b>  W.  F.  F**min«]  It  %  CimfbcH 

Where  f  ound  Oncnl  IUb*t»  A|p«M>mkW  »nd  IMivlir  lonrnrd  Mnn. 
Whil  to  Do  If  Sruod  by  •  C  rocod  Jr 
Sow >n.  Acvounli 


V  Medical  AafCClt. 

1.  Irdut'H*  of  Pit  V<vtt  Aiutarnir  ifjtmt  4  Abe idWftMr  V«mwo.  by  J.  A  Vick  »nd  M  Cwmn 
2  Kvatatkm  of  AilinrwrM  OUfTktr*  Institute.  SomWy ,  Jndu  and  Contm*m»tallb  Scrum  Liho- 
ralortrv  Melbourne.  Anvtralu)  apN»t  .V^e  n*k  And  <nrrWr*J  V'rMr*  by  )  A  -  Vick 

*nd  M.  Orem*. 


Section  B  on  mi  snakes  will  induds  broad-scale  dixributionil  maps  (Fig.  Dm 
well  is  smaller  regional  maps.  Examples  of  the  type  of  illustration  intended  to  por¬ 
tray  major  m*  make  types  are  shovm  in  Figs  2  and  3. 
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Individual  apaciaa  write-up*  will  be  in  T*i*  format  drown  Mow.  and  illu*tration* 
will  depict  common  color  and  pattern  variants  of  tha  snake;  distribution  map*  will 
indicate  occurrano*  of  the  given  tpeciat  within  S.E.  Ada. 

Example  of  a  species  description. 

COMMON  COMA  V*«  mjt  (Uonana) 

A  kuyr  (up  to  4  (tel)  Mown  or  Mack  make  wtlh  no  nurtunp,  or  with  xattertd  vrtilK  (peek.  Tkert  u  uaufiy  a 
dcxpi  on  the  neck  which  is  x>rtad  u »  "hood"  when  the  snake  is  alarmed 

Color  of  btek  and  bdly  b  ohvc  drab,  brown,  or  black.  Onn  usually  white.  feMowed  by  a  dark  bar.  with  a  white 
bar  on  the  throat 

Tha  alternating  ban  on  tha  throat  are  food  idea tUca bon  maria.  Some  of  the  rat  auka  may  ttacmbk  the 
cobra,  but  they  do  not  Have  the  design  on  the  hood,  or  the  throat  bars. 

Cownsou  virtually  anywhere  except  Oanae  rain  foratt  Thh  make  has  earned  tha  nickname  'fitting  cobra" 
for  its  habit  of  tpHthf  venom,  which  it  does  quite  accurately  for  up  to  4  or  3  ft.  (There  ve  irmal  races  of 
cobras  and  not  wM  teem  to  hae  dite  habit.  J  Venom  In  tha  victim's  ayat  can  ba  pahtlhl  and  could  cauaa  damagi 
If  act  ftediad  out  quickly.  Tha  cobra's  larva  ten.  abundance,  and  quack  temper  make  H  one  of  the  most 
dangerous  makes  in  the  area. 

Aauvoain  k  roftabb o  torn  Quaaa  Saoaabha  lactftute,  Bangkok.  HafTkiae  Lsrtfeutc.  Bombay,  and  CommooweaMh 
Soura  tab..  ftffcvjk.  Victorfa.  Aasmlu. 


“UUr  tadong  sr«doJr~-Mdjy 
"Ular  badaT-kialay 
"Npi  kis '-Tkal 

LABORATORY  AND  FIELD  RESEARCH 

In  addition  to  the  behavioral  studies  mentioned  above,  further  field  observations 
on  see  snakes  were  carried  out  during  FY  71  (March}  on  board  NUC's  R/V  Ctpt  during 
the  cruia  PE  LACAN  I  to  the  Pacific  coatl  of  south-centra!  Mexico,  it  ww  found  that 
the  high  turbidity  of  tha  water  from  uowelting  and  increased  productivity  at  this  time 
of  year  rendered  the  see  snakes  invisible  to  SCUBA  divers  beyond  a  distance  of  about 
10  ft.  Further  behavioral  tests  at  that  time  were  cancelled  due  to  increased  risks 
arising  from  the  adverse  visibility,  which  also  prevented  effective  underwater  pho 
tography. 

It  was  learned,  however,  that  the  sea  snakes  in  this  area,  a  species  celled  the 
yellow-bellied  Mi  snake  Iftkam  pktirm),  tended  to  wash  up  on  the  beaches,  where 
they  were  quite  helplew  though  still  athe  and  vigorous.  We  were  unable  to  discover 
tha  behavioral  mechanism  contributing  'o  this  stranding  behavior,  but  believe  that 
the  snakes,  even  though  helpless  on  land,  constitute  a  very  r«a<  danger  to  anyone  who 
might  accidentally  step  on  one  while  walking  along  tha  beech  (Figs.  4a.  b). 

During  PE  LACAN  I  we  succeeded,  for  the  first  time  anywhere,  in  fractionating 
whole,  freshly  obtained  sea  snake  venom  by  gel  filtration  on  a  column  chromatograph 
designed  for  use  aboard  ship  The  venom  fractions  obtained  aboard  ship  proved 
chemically  identical  to  fractions  from  whole  venom  obtained  m  the  laboratory  at  NUC. 

Preliminar  y  studies  on  tha  toxicity  and  pharmacology  of  the  crude  whole  venom 
and  the  venom  fractions  conducted  in  collaboration  with  the  U.  5  Army  at  Walter 
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Raad  Army  Irutituta  of  Ronorch  in  Warfiington.  D.  C..  Indict**  thet  th«  venom  of 
Out  m  make  (A  **w)  h  axtremafy  ponm.  with  an  LD  50  for  mice,  dogt.  ar.d 
monkey*  of  0.00  to  0.12  m^kg.  I*,  among  the  moit  lethel  make  vanomi  known, 
and  aawtral  tlmei  aa  toxic  at  tha  venom  of  the  common  Aaian  cobra.  Preliminary  two 
on  mongral  dog*  and  on  a  primate  indicated  rha  primary  cauie  of  death  to  ba  re*»- 
ratory  armt  at  all  wthal  ieval*. 

Ounng  PE  LACAN  I,  a  method  *m  daviaad  of  obttinfnfl  venom  from  thd  *n«k«, 

•  ipacaa*  that  had  not  pravtoualy  bean  ajccenfuliy  milked.  Tha  method  employed 
three  operator*,  one  rattraining  and  manipulating  tha  inaka,  tha  othar  two  aech  ob¬ 
taining  venom  from  tha  fang*  on  oppoiits  tide*  by  meant  of  cap i! lory  tubet  (Fig.  5) 
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Vsnom  yield*  indicated  that  a  fwalthy  adult  yellow-bellied  mm  tna*e  pomu*  venom 
equivalent  to  coehalf  to  greater  then  one  lethal  dose  for  an  average  human  adult  male 
The  venom  yields,  milking  procedure,  and  preliminery  results  of  toxicity  and  pharma¬ 
cology  studies  will  be  described  in  forthcoming  journal  articles. 
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REINFORCED  CONCRETE  8UBMERSIBLE8 


Surface  ships  of  the  Navy,  regard  lass  of  their  top  speed  or  their  maneuverability, 
are  easy  targets  for  present-day  modern  missiles.  These  ships  are  highly  vulnerable  to 
detection  and  destruction  in  an  all-out  attack.  It  would  appear  that  the  only  recourse 
would  be  for  the  major  part  of  our  Navy  to  go  underwater,  in  the  undersea  environ¬ 
ment.  detection  Is  very  difficult.  Sonar  detection  is  only  marginally  successful  in  the 
vast  reaches  of  the  ocean. 

There  is  a  need,  thus,  to  determine  what  portion  of  naval  operations  could  be 
accomplished  underwater  and  at  what  expense.  Entailed  in  these  considerations  is  a 
departure  from  traditional  surface  ship  concents,  both  in  shapes  ard  fabrication 
techniques. 

NUC  has  made  several  studies  of  a  variety  of  huli  configurations  and  uses  for 
limited-depth  submersibles.  These  studies  have  mainly  concentrated  on  the  use  of 
reinforced  concrete  for  the  basic  hull  material.  Concrete  can  be  formed  by  repetitive 
casting  techniques,  wherein  reuse  of  the  form  or  mold  reduces  construction  costs. 

The  NUC  studies  indlcete  that  very  lerge  concrete  hulls  can  be  constructed  for 
limited-depth  use.  With  moderate  working  stresses  for  the  concrete,  the  hulls  can  be 
constructed  to  withstand  pressure  end  buckling  forces.  This  can  generally  be  accom¬ 
plished  without  the  use  of  ring  stiffen**. 

A  variety  of  missions  have  been  considered  for  reinforced  concrete  submersibles. 
Some  of  these  are: 

•  UNDERWATER  HELICOPTER  CARRIER:  A  scale  model  of  an  Underwater 
Helicopter  Carrier  is  shown  in  Fig.  1 .  In  this  instance  the  aircraft  carrier  has  two  large 
elevated  hatch  openings  for  use  in  the  handling  of  holicopters  in  and  out  of  the  subma 
rin*.  Each  of  the  two  openings  will  have  an  elevator  and  an  adjacent  flight  deck.  The 
elevated  hatch  opening  serves  as  a  reduced  water  plane  area  to  reduce  the  wave  re¬ 
sponse  of  the  submarine  during  launch  and  recovery  of  the  helicopters. 

♦  UNDERWATER  AIRCRAFT  CARRIER:  Figure  2  shows  a  submarine  similar 
to  that  in  Fig.  1 ,  except  that  the  elevated  deck  Is  continuous  from  the  forward  to  the 
aft  hatch  opening.  This  configuration  could  possibly  ba  used  for  tha  launching  of  con 
-.vntional  or  VTOL  aircraft.  The  flight  dack  indicated  In  tha  drawing  is  supported  by 


•  series  of  streamlined  vertical  struts.  This  configuration  maintains  a  minimum  ■  -«r 

plana  araa  affect  to  reduce  wave  response  of  the  landing  platform.  The  height  ol  a 
flight  deck  above  the  submarine  pressure  hull  can  be  designed  for  use  in  moderate  to 
reasonably  heavy  teas. 

•  MOBILE  UNDERWATER  DRV  DOCK:  Figure  3  shows  a  large,  undersea 
reinforced  concrete  dry  dock.  The  dry  dock  consists  of  a  main  center  dry  dock  huil 
and  two  adjacent  water  ballast  transfar  hulls.  The  forward  end  of  the  center  hull  has 
a  large  watertight  door.  This  door  is  constructed  with  a  built-in  buoyant  chamber  to 
neutralize  the  weight  effects  and  simplify  the  opening  and  closing  of  the  doer.  The 


entire  structure  could  be  self  powered  or  towed  ro  location  It  could  rest  on  the  bot¬ 
tom  or  could  be  an-  Nored  beneath  the  surface  in  a  taut  moor 

•  UNOERWA  i'ER  CARGO  VESSEL  These  construction  orinupl**  have  also 
been  edited  m  the  preliminary  design  of  a  large  reinforced  concrete  cargo  vessel. 

Its  hatch  openings  are  large  enough  to  hand*  containerized  cargo  A  veteei  of  this 
type  ooukl  be  either  self  powered  or  twwed.  Thetargo  hatches  of  this  vessel  could 
be  constructed  to  have  an  eleveted  trunk  simmer  ?o  the  one  shown  In  F  >g  1.  The 
cargo  submarine  would  than  ba  <•»  re^onaive  to  the  waves  when  ballasted  k>w  in  itw 
water  end  may  than  be  cx mpetibA  for  uee  with  a  large  stab*  ocean  platform. 
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•  DECOY:  Reinforced  concrete  submersible*  heve  aleo  been  considered  for  uaa 
as  decoys.  The  covert  nature  of  ballistic  mMIe  submarine  fleet  operations  could  be 
enhanced  by  a  fleet  of  decoy  submarines  made  to  took  and  sound  like  ballistic  mis¬ 
sile  submarines.  Since  there  need  be  no  missiles,  auxiliary  equipment,  or  torpedoes, 
end  because  a  much  smaller  crew  would  be  required,  the  greeter  weight  of  a  concrete 
hull  would  not  be  a  disadvantage.  The  Internal  equipment  would  be  kept  to  a  mini¬ 
mum  in  these  decoy  submarines,  and  the  greater  portion  of  the  overall  cost  would  be 
hull  cost.  With  repetitive  casting  techniques,  a  large  number  of  concrete  submarine 
hulls  could  be  built  for  about  one-fourth  the  cost  of  steel  hulls. 


Further  studies  are  pitnned  for  the  scale  model  pictured  in  Fig.  1.  Then  studies 
will  include  dynamic  response  in  the  launch  and  retrieval  mode.  Studies  of  coupling 
or  mating  with  the  large  model  stable  platform  array  are  also  anticipated.  Underwater 
tow  studies  of  tht  model  submarine  should  also  be  conducted  to  establish  drag  and 
towing  characteristics.  It  is  anticipated  that  the  submersible  could  be  towed  or  self 
propelled,  depending  on  the  required  use. 
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ADAPTATION  OF  HEAD-COUPLED  TV 
TO  CUftV 


Head -coupled  television  none  of  several  name*  given  to  ramotaly  control  led 
television  system#  in  which  the  attitude  of  the  camera  is  controlled  by  the  attitude 
of  the  operator's  head.  In  these  systems  the  field -of -view  as  seen  by  the  television 
camera  is  always  presented  dir  ly  before  the  operator's  eyes,  regardless  of  any  head 
motions.  Typically,  this  is  done  by  mounting  the  television  monitor  or  cathode  ray 
tube  on  a  helmet  worn  by  the  operator.  Electromechanical  feedback  devices  are 
generally  used  to  syitchronire  the  motions  of  the  camera  with  those  of  the  operator's 
helmet  As  a  result,  the  operator’s  hands  are  freed  for  tasks  other  than  panning  and 
tilting  the  camera:  but  more  Importantly  he  is  presented  with  visual  and  spetial  ori¬ 
entation  information  that  gives  him  the  sense  of  actual  presence  at  the  camera  loca¬ 
tion.  As  the  operator  moves  his  head  from  left  to  right  and  up  and  down,  he  gains 
an  Instinctive  awareness  of  the  location  of  objects  in  the  vicinity  of  the  camera. 

This  davit*  has  important  applications  in  undarwetw  operations.  In  the  case  of 
the  Navy's  Cable-Controlled  Underwater  Research  Vehicle  (CVJRV).  the  camera  and 
a  mechenical  "arm"  or  manipulator  for  recovering  objects  ant  located  below  the  sur 
face  and  monitored  above.  Thus,  if  an  object  to  be  recovered  lies  below  and  to  the 
left  of  the  camera  and  the  manipulator  is  above  and  to  the  right,  the  operator  can 
determine  this  fact  with  a  single  sweep  of  his  head  and  immediately  begin  to  move 
the  manipulator  in  the  proper  direction  In  contrast,  with  a  conventional  fixed 
monitor  and  hand  controlled  pan  and  tilt,  by  the  time  the  operator  located  the 
object,  then  relocated  the  manipulator,  he  would  hive  lust  the  sense  of  direction 
of  the  obiect. 

Adapting  this  concept  to  the  CURV  III  was  accomplished  with  a  minimum  of 
modification  to  the  existing  vehicle,  but  resulted  in  the  development  of  a  simple 
first-order  unilateral  electrohydraulic  position  feedback  system.  For  this  system  i 
helmet -mourned  television  display  wes  Purchased  from  the  Navel  Weapons  Canter  at 
Chaw  Lake.  California  A  modified  version  of  the  NWC  helmet  linkage,  a  three- 
dimensional  parallelogram,  was  fabricated  to  allow  freedom  of  heed  translation.  Two 
potentiometers  ere  mounted  between  the  linkage  and  the  haimet  to  sense  heed  yaw 
and  pitch  This  information  is  transmitted  to  the  vehicle,  where  it  is  compered  with 
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similar  information  from  oil-filled  pressure-compensated  potentiometers  on  the 
camera  pan  and  tilt.  Whenever  the  position  error  between  helmet  and  camera  ex¬ 
ceeds  a  smalt  limit  (about  2  degrees)  a  relay  is  actuated,  which  in  turn  activates  the 
CURV  hydraulic  system  in  such  a  way  as  to  eliminate  the  error. 

The  system  was  checked  out  in  the  laboratory  and  then  mounted  on  the 
CURV  III  vehicle  in  August  of  1970.  A  malfunction  in  the  system  was  apparent  but 
was  not  located  before  the  vehicle  was  lost  off  the  coast  of  Washington.  The  mal¬ 
function  was  later  found  to  be  due  to  an  error  in  the  installation  drawings  and  was 
easily  corrected.  The  system  was  again  delivered  to  the  CURV  III  operating  crew  in 
June  of  1971,  after  a  new  vehicle  had  been  completed  and  checked  out.  Ri^'d  sched¬ 


uling  has  delayed  installation  of  the  system.  The  HCTV  should  be  installed  and 
operating  by  early  fall,  1971. 
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ARTIFICIAL  PINNA  (OUTER  EAR)  FOR 
APPLICATIONS  IN  UNDERSEA  RESEARCH 
AND  EXPLORATION 

For  a  man  to  operate  effectively  in  a  marine  environment  it  is  essential  that  he 
retain  the  use  of  as  many  of  his  senses  as  possible.  A  number  of  research  vehicles 
now  under  study  ptace  a  man  in  the  ocean  in  a  transparent  sphere.  This  retains  effec¬ 
tive  use  of  his  vision  i>ut  completely  decouples  him  from  the  ambient  sound  environ¬ 
ment.  The  basic  objective  of  the  artificial  pinna  program  is  to  recover  this  acoustic 
contact  and  provide  effective  binaural  localization  in  the  sea.  Such  localization  would 
be  of  value  in  associating  no  be  made  by  marine  life  with  specific  observed  specimens. 
This  would  aid  studies  by  marine  biologists  and  also  help  characterize  background 
noise  data  for  sorter  design. 

A  wide  variety  o *  sounds  exist  in  the  sea.  Many  of  these  extend  well  beyond  the 
frequency  range  of  human  hearing.  Fortunately  it  is  possible  to  select  frequency 
ranges  of  interest  and  translate  them  electronically  into  the  audible  range. 

A  large  body  of  literature  on  human  hearing  exists  and  much  work  has  been 
done  to  identify  the  mechanisms  of  binaural  totalization.  A  key  result  of  this  prior 
work  is  that  the  pinnae,  or  outer  ears,  piay  almost  as  important  a  role  in  localization 
as  the  basic  interaural  separation.  Some  previous  attempts  at  Nava!  Weapons  Center, 
China  Lake,  to  provide  underwater  localirnion  have  actually  used  hydrophones 
mounted  in  a  pair  of  big  ears  scaled  in  size  end  spacing  by  a  feetbr  of  five,  which 
marks  the  difference  in  propagation  velocity  between  watr  and  air.  Such  an  approach 
is  direct  and  intuitively  appealing.  Results,  however,  were  indecisive.  This  is  due 
partly  to  the  difficulty  of  finding  materials  whoae  acoustic  mismatch  to  water  is 
equivalent  to  the  mismetch  wti  ch  skin  end  cartilage  present  to  nir.  A  failure  of  di¬ 
rect  seeling  is  also  likely. 

Initial  artificial  pinna  work  at  NUC  was  based  on  a  different  approach,  rtather 
than  depending  on  reflections  in  a  peir  of  large  ears,  hydrophones  would  sample  the 
sound  field  over  two  regions  corresponding  to  the  ear  locations.  The  necessary  delays, 
phase  shifts,  and  amplitude  weighting  would  then  be  introduced  electronically  in  com¬ 
bining  the  hydrophone  signals  into  a  pair  of  output  signals  as  shown  in  Fig.  1 .  This 
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approach  looked  promising  sinoe  a  sufficiently  large  number  of  spatial  samples  will 
completely  characterize  the  local  behavior  of  a  sound  field.  A  family  of  transversal 
fitters  which  had  been  developed  for  sonar  applications  appeared  to  offer  sufficient 
flexibility  to  simulate  the  necessary  delays  and  reflections. 

The  initial  study  divided  into  two  main  areas.  Computer  simulations  with  an 
adaptive  program  were  used  to  determine  the  ability  of  various  sensor  arrays  to  simu¬ 
late  specified  spatial  res  pons’s.  Simultaneously  an  extensive  set  of  measurements  was 
made  to  characterize  the  time  impulse  response  of  the  human  pinna  as  a  function  of 
direction.  Several  problems  became  apparent.  The  simulation  indicated  that  a  vastly 
excessive  number  of  degrees  of  freedom,  and  bancs  hydrophones,  would  be  required 
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Fig .  1  _  initial  artificial  pinna  approach.  Fifl.  2.  Separation  of  tpatal  and  temporal 
portions  of  artificial  pinna. 


to  directly  simulate  the  required  spatial  responsa.  The  complicated  coupling  between 
geometric  variables  and  time  variables  indicated  by  the  pinna  response  measurements 
precluded  direct  use  of  existing  sonar  transversal  filters.  Detailed  examination  of  the 
impulse  responses  indicated  ti>at  at  least  a  portion  of  the  responses  are  separated  by 
the  ear  on  the  bails  of  their  time-scale  expansion  or  compression.  Although  this  is 
difficult  to  implement  electronically  for  a  response  as  complicated  as  the  ear's,  it 
appeared  to  hold  promise  for  sonar  errays  on  submarines,  since  it  would  greatly  re¬ 
duce  the  hull  penetrations  required  This  work  is  now  in  progress  as  the  "8mblgulTy 
beemformer  program"  end  may  well  prow  to  be  the  most  valuable  spinoff  of  the  arti¬ 
ficial  pinna  program. 
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The  difficulty  arising  from  the  coupling  of  the  spatial  and  temporal  variables 
led  to  a  reexamination  of  the  problem  to  determine  whether  these  variables  were 
separable.  Since  the  transversal  fitter  can  readily  simulate  the  response  of  the  pinna 
in  any  single  direction,  the  direction  discriminetion  must  be  performed  et  a  prior 
point  in  the  processing  chain.  The  prior  portion  of  the  processing  chain  then  becomes 
an  array  and  multiple-beam  beemformer  of  exactly  the  type  now  used  in  sonar.  The 
array  is  required  only  to  possess  good  directional  properties,  and  no  requirements  for 
simulation  of  ear  shape  and  spacing  remain.  Hence  it  should  be  possible  to  use  a 
pinna  transform  adapter  box  to  provide  binaural  localization  with  many  existing  sys¬ 
tems.  This  approach  is  shown  in  Fig.  2.  The  multiple-channel  processing,  however, 
would  require  an  excessive  number  of  existing  transversal  filters.  Within  the  next 
2  to  3  years,  multiple-channel  transversal  filters  which  will  handle  this  task  should 
be  available.  At  least  two  promising  candidates  are  now  under  development  under 
other  projects  at  NUC  and  the  Naval  Electronics  Laboratory  Center. 

Present  work  is  divided  into  three  main  areas.  A  targe  quantity  of  data  is  being 
reduced  to  derive  pinna  impulse  responses  over  a  hemisphere.  A  pair  of  interim  ex¬ 
perimental  pods  is  now  being  constructed  for  experiments  on  the  R  V  See  Sn.  A  pair 
of  special  headphones  is  in  final  devalopment  for  the  system  output.  The  impulse 
response  data  will  determine  the  structure  of  individual  channels  of  transversal  filters 
for  the  final  system.  They  wilt  elso  provide  a  basis  for  future  computer  simulation 

The  interim  pods  for  the  RV  Ska  At  emphasize  the  interaura  I  term  rather  titan 
the  pinna  terms.  Experience  gained  with  this  system  will  help  to  define  the  resolu¬ 
tion  required  In  future  systems  and  will  provide  a  good  test  of  the  special  headphones. 
These  pods  should  provide  bettsr  localization  than  the  existing  At  Sm  system,  which 
was  installed  under  a  number  of  limiting  constraints.  Hence  it  should  prove  useful  to 
marine  biologists  who  make  extensive  use  of  the  S»». 

The  special  headphones  are  designed  to  solve  a  problem  which  became  apparent 
in  the  initial  localization  experiments.  If  conventional  headphones  are  used  the  sub¬ 
ject's  own  pinnae  introduce  confusing  redundant  delays.  If  a  stethoecofM  type  of 
headphone  is  used,  similar  probisms  ar»  caused  by  closed-tube  resonance  effect*  in 
the  observer's  ear  canalv  These  ire  the  phenomena  which  cause  the  "Inside  one's 
heed"  sensation  in  using  stereo  earphones.  The  developmental  headphone*  use  inser¬ 
tion-type  electrostatic  elements  with  a  diaphragm  of  sufficiently  low  men  not  to 
cause  closed-tube  loading  effects. 

This  is  a  transitional  period  for  the  artificial  pinna  orogram.  The  results  of 
initial  research  have  been  assimilated  and  potential  applications  art  in  sight.  Work 
Is  now  progresting  to  develop  the  background  required  to  utilize  the  multichannel 
transversal  filters  when  they  become  available. 
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HYDRO-TRANSDUCER 


Sonar  equipment  has  utilized  electrostrictm.  magnetostrictive,  end  other 
transducers  to  produce  high-power,  low-frequency  acoustic  signals  underwater. 

Each  of  these  systems  has  some  characteristic  which  limits  its  usefulness.  Size, 
weight,  susceptibility  to  shock  and  seawater,  hardware  complexity,  and  electrical 
power  requirements  are  some  of  the  obvious  dbadMntages. 

In  an  effort  to  simplify  such  systems  while  reducing  costs  and  improving  re¬ 
liability,  NUC  has  developed  end  tested  a  Hydro-Transducer  which  is  capable  of 
delivering  low-frequency  (below  100  Hz),  high-power  (in  the  order  of  84  dB/dyne 
at  1  yard)  signals  and  which  uses  simple,  standard  parts. 

The  Hydro-Transducer  consists  of  a  fully  endowed  electric  motor  (40  hp.  60  Hz. 
440  V,  3-phase,  1800  rpm)  which  powers  a  Model  4831  Dtming  sump  pump 
(1800  gpm  at  40  psi).  Two  low-mass,  21-in.  domes  and  bellows  assemblies  com¬ 
prise  the  transducer  head.  The  dome  and  bellows  anembliei  are  repented  by  a 
spacer  which  provides  flanges  for  pips  connection.  A  variable-speed  rotary  chopper, 
with  its  own  motor,  completes  the  unit  (Fig.  1 ). 

The  theory  of  operation  is  elementary.  The  pump  sets  up  a  h*tfi -volume.  low- 
pressure  flow  of  seawater  through  the  transducer  head.  By  means  of  the  rotary 
chopper,  the  flow  is  interrupted  at  the  desired  frequency.  The  momentary  stop¬ 
pages  produce  pressure  pulses  in  the  flow  thst  are  transmitted,  in  the  form  oi 
acoustic  energy,  to  the  surrounding  water  via  the  transducer  head,  whose  bellows 
flex  in  and  out  in  raponse  to  the  fluctuating  internal  pr^jaurs. 

The  unit  was  tasted  in  two  configurations,  one  with  the  head  bolted  deadly 
to  the  pump  outlet  (Fig.  2),  the  other  with  s  7-ft  length  of  Bfn.-diemeter  pipe 
bolted  between  the  pump  and  the  head  (Fig.  3).  Tests  were  conducted  et  the  NUC 
T.«(.a.vxxr  Evaluation  Canter  (TRANSOEC)  and  the  Morris  Dam  Test  Facility. 

The  tests  at  TRANSOEC  served  to  dieke  down  and  debug  the  H ycfro-T rsnsducer. 

For  these  twtt,  the  unit  was  st>x*rxj*d  from  a  crane  end  positioned  about  16  ft 
from  the  «dr  of  the  test  pool.  The  transducer  head  mas  *4>merged  to  s  depth  of 
C  ft.  Figure  4  shows  the  unit  under  tart.  Both  pump  and  chopper  are  operating. 

The  tow  height  of  the  effluent  above  the  level  of  the  pool  is  an  indication  of  the 
water  going  into  the  transducer  heeds  and  being  converted  into  sound  energy. 
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f  m.  1.  Pr— i if  M*»»Tt»l.c  Prof  t«iTi>ly|.  R|. 7.  MJCfcydro- 

mdwr  l*h*ft  Handyj. 


Tha  ihakadown  taats  dsmonatratad  that  wtth  tha  provMon  of  stnnfttiarwd 
doma  and  batlowa  aaaambttaa  vtd  ha»ry  springs  to  nstrain  doma  trarei,  tha  Hydro- 
Tran  aducar  could  oparata  ajccaaatulfy  in  Bach  of  ha  conWyifdom.  hsoordingi 
from  a  pak  of  hydrophone#  too#  Inaida  tha  transducer  haad.  ooa  10  ft  away  at  tha 
aama  dapth)  ravaaiad  a  ctoaa  tknttaity  batwaan  tha  two  arts  of  pohe  wavaforma. 

With  tha  fa  ability  of  tha  syatarn  thus  aatahlahad,  taats  wan  ooodoctad  at 
MorrisDam  to  maaaun  tha  powar  and  fnquancy  of  tha  transmittad  aou  .id.  For 
thaaa  taats,  tha  unit  was  towarad  to  a  dapth  of  60  ft  and  hydrophonaa  wan  poa»- 
ttonad  at  rangas  of  2600  and  2000  ft.  Opantion  was  oust  tha  fraqusncy  ranga  10 
to  125  Hz.  Data  ihowad  tha  powar  (at  26  Hz)  to  ba  64  dB/dyrw  at  1  yard,  with 
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vi  orerall  lyatvn  «*tcwncy  of  0.29  parcant  «t  tht  primary  fraquancy. 

Future  davaiopmant  of  Mha  Hydro-Trertucar  wiH  include  •  Ivqar  radiator  and 
a  ,twiH  faad  for  pcatar  tfficiancy.  Alao,  additional  um  for  tha  devka.  *xrh  ti 
VLF  communtaiciari.  will  b*  imtatigatad. 
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FIBER  OPTICAL  TRANSMISSION 

Tho  ability  to  transmit  data  from  point  to  point  is  brooming  increasingly  im¬ 
portant.  In  the  majority  of  underwater  cases,  the  coaxial  line  performs  adequately; 
but  under  conditions  of  restricted  size  or  susceptibility  to  noise,  the  fiber  optic  trans¬ 
mission  line  shows  improved  performance.  These  lines  consist  of  bundles  of  halr-like 
strands  of  glass  which  form  flexible  cables  capable  of  conducting  light. 

The  Navy  Electronics  Laboratory  (San  Diago)  and  the  Naval  Undertec  Research 
end  Development  Gmter  (San  Diego)  are  jointly  Inver  .-.gating  the  feasibility  and 
utility  of  ootkally  transmitting  data  underwater  through  a  multipurpose  cable.  Such 
a  able  would  have  strength  enough  to  tow  a  sensor  body,  and  would  incorporate  both 
an  optical  link,  to  transfer  data  to  the  tow  ship,  and  ill  requisite  electrical  conductors. 

This  goal  provides  a  realistic  oontsxt  in  which  to  demonstrate  newly  developed 
low-lots  fibw  optic  data  transmission  beyond  the  short  samples  so  fir  seen  in  labo¬ 
ratories.  Ten  large  questions  arise: 

e  What  real  data  rates  oen  be  achieved  at  the  rmittlthoussnd-foor  length? 

e  How  can  fine  glass  strands  be  combined  within  a  metallic  cable  for  use 
in  the  oceen  environment? 

Neither  of  thaaa  will  be  answered  definitively,  but  only  with  respect  to  the  specific 
application  under  study. 

Optical  signaling  is  hardly  new.  However,  some  of  the  tools  have  evolved  with 
startling  speed  In  the  test  10  years.  Light  emitting  semi  ooiductor  diodes  are  small, 
cheap,  reliable,  and  capable  of  multimegahertr  operation.  f  igure  1  provides  e  view  of 
relative  sim.  New  understanding  of  losses  in  optic  fibers  h*s  permitted  reduction  of 
the  attenuation  level  from  1000  dB/Vm  to  100  dB/km  for  multimode  fibers  end 
25  dB/Vm  for  smgle-mode  fibers.  It  must  be  emphasized  that  these  new  fibers  are  in 
venous  stages  of  transition  from  laboratory  prototypes  to  production  devices.  The 
manufactursrs  are  unsure  of  themselves,  and  the  product  will  probably  change  rapidly. 
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f  >»1  Pimnt  MM  o>  optical  trmimmin*  port'.  Id  l<tNamiti«t  cNodt.  <bl  !®*r 
optic  bundto.  <d  IphtamittingdiotJt. 


The  program  at  NUC  it  combining  a  miniature  time-division  multiplax  system 
and  pulse-coda  modulation  in  a  towed  sensor  package.  The  optical  data  line  is  con 
tained  in  the  towing  line.  Testing  will  commence  with  a  data  rate  of  5  megabits/sec. 
Initially,  the  line  will  be  1000  ft  tong,  with  10,000  ft  as  the  goal.  Under  contract. 
Corning  Glass  will  provide.  In  1000-ft  lengths,  bundles  of  fibers  having  losses  no 
greater  than  100  dB/km.  Using  this  material,  we  will  be  able  to  meesure  data  rites 
on  actual  long  lengths,  rather  than  extrapolate  from  short  samples.  A  bench-type 
multiplex  transmitter  and  raceiwr  system  is  being  assembled  that  will  allow  evaluation 
of  the  components.  This  Is  to  be  followed  by  a  more  realistic  "wet  system"  to  be 
towed  in  the  ocean. 
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Containing  a  light  beam  within  a  long  gins  filament  ii  accomplished  with  a 
jacketed  fiber.  The  outer  jackaling  material  is  of  a  lower  refractive  index  than  the 
central  fiber.  But  glass  fibers  did  not  constitute  a  significant  data-transfer  tool  until 
attenuation  was  reduced  from  1000  to  100  dB/km  for  multimode  fibers  (50  to  80  >im 
diatneter).  The  single-mode  fibers  of  2  pm  diameter  exhibit  attenuation  In  the  25-dB/ 
km  range.  This  latter  type  is  several  years  away  from  production.  High  material  purity 
and  uniform  fiber  diameter  art  the  main  mechanisms  for  improving  transmission. 
Fibers  of  these  extremely  small  diameters  (2  pm  with  20  nm  cladding)  require  laser 
type  sources  to  focus  energy  into  their  end*.  Multi  mod*  fibers  (SO  Mm  dU  mater  each) 
grouped  to  form  a  bundle  1 .5  mm  in  diameter  make  a  suitable  area  match  for  the 
light-emitting  diodes. 
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Attenuation  of  the  transmitted  light  within  the  fiber*  it  one  limitation  on  the 
data  rates  achievable  with  such  systems.  Another  is  pulse  distortion,  as  a  result  of 
which  two  successive  pulses  may  be  broadened  to  the  extent  that  they  lose  their  dis¬ 
crete  character.  What  occurs  is  that  light  rayt  launched  at  different  angles  experience 
different  propagation  times.  A  geometrical  model  (straight  uniform  cylinders  of 
length  L)  predicts  a  ray  propagation  time. 

where 


9  »  angle  between  incident  beam  end  fiber  exis 
f)t  =  refractive  index  of  core 

tjj  « refractive  index  of  medium  from  which  ray  enters  fiber 
C  -  velocity  of  light  in  vacuum 

The  longest  propagation  time  occurs  for  the  maximum  acceptance  angle,  given  by 


where  ij2  is  the  refractive  index  of  cladding. 

Geometry,  however,  does  not  predict  the  lifting  of  energy  from  one  mode  to 
another,  lower  order  mode  of  lesser  delay.  Figure  2*  shows  meaaired  delay  differ¬ 
ences  vs  angle  of  Incidence  in  a  64-m  line.  By  extrapolation  to  1  km.  the  maximum 
delay  is  expected  to  be  60  nsec/km.  In  this  sample  of  multimode  fibers  (64  merer* 
long),  3.6  nsec  pulse  broadening  was  observed  for  the  normally  incident  ray.  Ex¬ 
trapolating  to  a  1  -km  bundle  would  yield  55-nsec  puke  broadening.  A  bit  rate  be¬ 
tween  10  end  20  megabits/sec  for  a  1-km  lint  can  be  expected.  Reported  measurements 
made  on  samples  30  m  long  predict  maximum  bit  rates  from  5  to  30  megebics/sec  in 
a  1-xm  line/  The  planned  measurements  on  1000-ft  lengths  will  provide  mor«  ac¬ 
curate  definition  of  bit  rates.. 

Comparisons  with  coaxial  cables  rewal  important  differences  in  behavior.  At¬ 
tenuation  ir.  coax  rises  with  frequency,  leading  to  equalization  requirements  for  broad 
bandwidth*.  For  optic  fibers  equalization  Is  not  needed  RG  68U  exhibits  40  dBfkm 
attenuation  at  10  MHz.  rising  to  146  dB/km  at  100  MHz.  Attenuation  in  multimode 
fibers  is  less  then  100  dB/xm  end  independent  of  frequency.  Increased  bandwidth  is 


•from  SmittY.  Taylor  LiMi.  and  Albvav  f '♦cOo*  o  Laboratory 

t  From  0  .William*  and  K  .  C  KaO.  Co«mun«^1  Afc>"0  f{  ff.  V#«.  M. 

Nb.itea.  pp  ,197.199. 
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•chleved  In  coax  by  enlarging  the  cab  I*  diameter,  whereas  whh  fibers  it  it  only  necas- 
aary  to  provida  enough  fibart  to  eovar  tha  light  sdurce.  A  1  -mm-dlametar  bund  la  is 
sufficient  whan  using  a  light -emitting  dioda. 

Pulse  distortion,  in  particular  tha  spraading  of  pulses  on  transmission,  limits  the 
maximum  possible  bit  rate.  It  should  be  noted  that  pulse  spreading  increases  with 
the  square  of  the  line  length  for  coax  but  only  as  the  first  power  of  the  length  for 
fibers.  For  coax  this  broadening  is  of  the  order  of  1  psec  in  1  km,  but  on  ly  55  nsec 
for  a  glass  bundle  of  the  same  length,  as  noted  above. 

The  optical  data  link  whose  suitability  is  under  investigation  allows  only  limited 
space  for  the  transmitting  light  source;  consequently  the  lightemitting  diode  (LED) 
was  selected.  A  laser  could  deliver  more  power  in  a  collimated  beam,  but  cannot  be 
accommodated  physically.  The  LED  is  easily  pulsed  at  20  magi  bits/ sec  from  low- 
voltage  digital  circuits.  Tha  LED's  small  linear  dynamic  range  precludes  amplitude 
modulation  but  leads  naturally  to  on-off  cocted  modulation.  Since  pulse -coda  modu¬ 
lation  instrumentation  is  readily  available,  this  method  was  selected.  Semiconductor 
Wng  diodes  are  now  available,  but  limited  by  internal  heating  to  operation  in  the 
multi  Kilohertz  region. 

Tha  need  for  a  minimum-noise  receiver  requires  that  a  photomultiplier,  as 
opposed  to  various  semiconductor  sanaort.  be  used.  Tha  added  size  and  high-voltage 
power  supplies  are  not  troublesome  aboard  ship,  at  the  reception  end  of  the  line. 
Analysis  by  NELC  *  shows  tha  bast  combination  >n  tha  5- megabits/ sec  range  to  be  tha 
Tl  L  24  emitting  diode  operating  at  9X0  A.  a  bundle  of  fibers  1 .5  mm  in  dbmeter, 
and  the  RCA  C  3100  E  photomuhiplier  used  as  a  detector.  Allowing  for  coupling 
losses,  a  probable  error  rata  less  than  1 0  7  cen  be  esau^ed  if  the  line  attenuation  is  no 
greeter  than  53  dB.  Under  these  conditions,  multimode  fiber  lines  having  an  attenua¬ 
tion  of  lOOdB/Vm  can  be  expected  to  operate  to  distances  of  1/2  km  without  re 
pasters.  For  a  fixed  error  rata,  bit  ritaa  and  received  power  will  beer  the  inverse 
relation  exhibited  in  Fig  3. 

Combining  fiber  bundles  with  load-bearing  metallic  cables  is  highly  experimental 
United  States  Steal  Corp.  hat  indicated  their  interest  in  attempting  to  include  tha 
bundles  in  the  fabrication  of  oomwotionsl  steel  cables  of  the  Amargreph  variety 
Since  the  fibers  are  weak  in  shear,  it  is  expected  that  there  will  be  unusual  problems 
if  conventional  wire  rope  manufacturing  me  chin  my  is  employed.  Two  other  ap¬ 
proaches  are  being  followed  The  first  combines  optical  fibers  with  continue  .a  strength 
glass  fibers  made  in  a  «t*p-moulding  process.  Tha  fibers  at  all  bonded  together  in 
parallel  in  an  adhesive  resin.  This  provides  a  bundle  of  about  the  same  diameter  >s  • 
steel  bundle  of  equnalem  strength  but  one  which  has  only  half  that  weight  in  sir. 

The  second  method  builds  up  s  glass  rope  from  small  strings  of  strength  glass  held  in 
ptatic.  which  are  later  twisted,  along  with  optical  fibers  and  tlectrical  conductors, 
into  ropes,  hieithar  method  is  available  commercially,  and  each  presents  many  tech¬ 
nical  uncertainties,  but  they  do  repreeent  an  attractive  altar nstive  to  steel  cable  if 
weight  isr  important  conpdecjpu-i 


‘H  f  Tggbr.  if  VwH  f  Ort  T**^'^** 
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Behavior  of  glass  fibers  in  ocean  water  is  uncertain.  Tests  conducted  several 
years  ago  by  NELC  on  Glasstran*  (twisted  glass  rope),  showed  that  fibers  lose  tensile 
strength  when  exposed  to  salt  water.  Similar  behavior  has  been  noted  by  Bell  Labo¬ 
ratories  in  the  production  of  f  iber  optic  strands.  They  start  life  with  300,000  Ib/in2 
breaking  strength,  which  quickly  drops  to  30,000  Ib/in2  in  an  air  environment  because 
of  the  water  vapor  present.  The  actual  sheathing  of  the  fibers  and  treatment  for 
shipping  and  further  manufacture  is  receiving  little  attention  from  the  glass  companies. 
Since  the  telephone  system  will,  apparently,  be  the  largest  user,  the  manufacturers 
ere  limiting  their  concern  to  packaging  for  "land  line"  applications. 

Concurrent  with  the  optical  cable  testing  is  the  evaluation  of  the  data  multiplex 
and  encoding  devices.  The  system  is  designed  to  allow  growth  to  1 00  data  sources. 
These  will  be  sampled  sequentially  and  converted  to  a  digital  code  for  serial  transmis¬ 
sion  over  the  glass  fibers.  Dynamic  range  and  sampling  rates  require  that  5  magabits/sec 
be  transmitted.  This  is  not  expected  to  be  the  limiting  rate  for  the  fiber  optics,  but  is 
high  enough  to  begin  testing  its  capacity.  This  data  rate,  however,  does  stretch  present 
digital-conversion  and  magnetic-storage  devices. 


•  Packard  E*ctr>c  Oiv.,  G*ntnl  Melon  Corp. 
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TRANSPARENT- HULL  SUBMERSIBLE  (THS)r 
TO  DEVELOP  DEEP  SUBMERSIBLE 
BUOYANT  PRESSURE  HULLS 


The  transparent  hull  submersible  MAKAKAI  has  been  designed  and  con¬ 
structed  by  the  NUC  Hawaii  Laboratory  as  a  two-man  submersible  vehicle  that 
affords  its  operators  maximum  visibility  by  housing  th«m  in  a  transparent,  spherical, 
acrylic  plastic  prassurt  hull.  This  vahicla  is  the  culmination  of  a  number  of  NUC  pro¬ 
grams:  the  development  of  transparent  pressure  hull  materials,  cycloidai  propellers 
for  submersiNf  propulsion,  pressurized  electronics,  and  a  soft-line  information  trans¬ 
mission  system  to  eliminate  or  reduce  the  number  of  required  penetrations  of  the 
pressure  hull.  MAKAKAI  was  developed  to  provide  an  actual  operational  evaluation 
of  these  systems  and  a  useful  vehicle  for  undersea  work 

MAKAKAI's  structure  and  confirmation  are  intentionally  simple  and  noo- 
hydrodynamic-  The  pressure  hull  is  mounted  high  to  provide  maximum  unobstructed 
viewing  .or  the  operators  Tn  shape  of  the  vehicle  resulted  primarily  from  the  cen 
tral  placement  of  the  pressure  hu.  .  which  provides  the  majority  of  the  positive 
buoyancy  for  the  vehicle.  Thu  configuration  also  provides  an  area  forward  of  the 
hud  for  mounting  test  hardware,  cameras,  and  the  like  A  prime  factor  in  the  ovtr 
all  vehicle  siting  was  the  requirement  that  it  be  easily  transportable  by  aircraft  as 
v*ll  as  by  truck. 

The  acrylic  pressure  hull  used  on  MAKAKAI  was  developed  by  the  Nava!  Civil 
Engineering  Laboratory  ar.d  the  Naval  Mlestle  Center  for  the  Naval  Exp*  tmtnial 
Manned  Observatory  (NEMO)  Program  TN  huh  has  an  outsade  diametet  of  66  m  and 
a  wall  thickness  of  2  5  in  Design  depth  is  1 000  with  an  actual  short  term  collapse 
depth  of  4200  ft.  A  full-sil*  prototype  Hull  was  tested  to  destruction,  verifying  this 
collapse  depth.  The  pressure  hull  was  fabricated  bv  Swedlcw  Plastics  Co.  of  Garden 
Grove.  California,  by  bo nd  ng  together  12  ^jh.-ricei  pentagonal  wctions  to  form  a 
Kill  sphere  Two  4130-tteei  nsarts  are  o laced  at  tha  poles  The  upper  InarM  rj  tN 
hatch  for  operator  access,  and  tow«e  insert  serves  as  a  peoebator  mount  and  as  the 
structural  attachment  point  between  the  pressure  Null  and  MAKAKAI  structure  a 
1/2-in  thick  acrylic  cap  has  been  pieced  around  the  main  preaure  hull  to  protect  it 
from  abrasion  and  any  accidents  impacts  in  or  out  of  the  water 


40 


The  pressure  hull  sits  on  four  radially  oriented  pads  which  supped  its  air 
weight.  The  structural  link  between  the  hull  and  the  vehicle  frame  is  a  tingle  3/4-in.- 
diameter  stainless  steel  cable.  This  cable  transfers  the  hull  buoyancy  to  the  frame 
when  the  vehicle  is  submerged.  The  vehicle  frame  is  a  simple  rectangular  structure 
mad  a  from  4.5-in  -O.D.  6061 -T6  aluminum  tubing.  The  center  cross  structure  serves 
as  a  sphere  mount  and  adds  rigidity  to  tha  frame.  All  tubes  are  free  flooding  and  are 
painted  internally  and  externally. 

Electncai  power  for  the  submersible  is  provided  by  6-V  lead-acid  golf  cart 
batteries.  Three  voltages  are  available.  120, 30,  and  6  V.  Major  propulsion  power 
is  drawn  from  the  1 20- V  battery  string,  and  the  electronic  systems  operate  from  the 


30-  and  6-V  battery  strings.  Batter! er  are  locafad  in  two  cylindrical  battery  pods, 
one  on  either  side  of  the  vehicle.  Each  pod  contains  all  three  voltages.  The  batteries 
are  placed  on  trays  which  roll  out  of  tha  pod  for  vasy  servicing.  In  use,  the  pods  are 
closed,  oil  filled  with  transformer  oil,  to  compensate  to  ambient  pressure.  Relief 
valves  are  provided  in  the  DOd  to  vent  battery  gassing.  The  battery  pods  are  easily  re¬ 
moved  from  the  vehicle  and  can  be  replaced  with  pods  containing  freshly  charged 
batteries  If  a  short  turn-around  time  is  required.  The  battery  pods  are  each  attached 
to  the  vehicle  by  a  single  long  eye  bolt  which  passes  down  through  the  side  support 
fin  and  screws  into  the  pod  strong  back.  Eyes  at  the  rop  of  the  two  bolts  serve  as 
the  two  prime  vehicle  lift  points.  For  emergency  ascent  these  eye  bolts  can  be  sev¬ 
ered  by  an  explosive  cutter,  causing  either  pod  to  drop. 
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Buoyancy  control  is  provided  by  ■  variable- ballast  system.  This  system  pro¬ 
vides  buoyancy  trim,  pitch  trim,  and  roll  trim.  A  ballast  tank  is  mounted  on  each 
comer  of  the  vehicle.  Each  tank  hat  a  capacity  of  200  lb  of  seawater,  The  overall 
buoyancy  trim  of  the  vehicle  can  be  adjusted  ±400  lb  around  neutral.  The  two  bal 
last  pumps  pump  water  in  and  out  of  the  tanks  to  adjust  buoyancy  trim.  Water 
is  pumped  between  fore  and  aft  ballast  tanks  for  pitch  trim  and  onboard  on  one  side 
of  the  vehicle  and  overboard  or  the  other  side  for  roll  trim.  The  two  pump  and  valve 
units,  one  supplying  each  side  of  the  vehicle,  provide  a  degree  uf  redundancy  in  case 
of  component  failure.  Tha  nonwater  volume  of  the  ballast  tanks  is  compensated  to 
10  to  20  psi  above  ambient  pressure  by  air  stored  in  four  high-pressure  cylinders. 

The  high-pressure  air  is  reduced  to  the  required  ambient  pressure  by  a  differential- 
pressure  regulating  system.  The  ballast  tanks  are  provided  with  relief  valves  to  vent 
air  on  ascent. 

Life  support  is  provided  to  the  operators  by  ■  conventional  system.  Oxygen, 
stored  in  high-pressure  cylinders  mounted  in  the  sphere,  is  bled  into  the  hull  interior 
through  a  pressure  regulator  and  die  flow  is  metered  at  the  rate  at  which  the  occupants 
consume  it.  Carbon  dioxide  is  removed  by  a  Barafyme  scrubber.  Oxygen  and  carbon 
dioxide  concentration  i  t  visually  monitored  from  interior  instruments  to  indicate  any 
required  adjustments  n  oxygen  flow  rate.  Backup  life  support  is  provided  to  the  op¬ 
erators  by  two  closed-circuit  breathing  units.  Each  unit  has  a  capacity  of  36  hr.  In 
use  the  occupant  puts  on  a  full  face  mask  and  breathes  into  it.  The  breathing  circu¬ 
lates  the  system  air  through  -.he  scrubber,  and  Oxygen  is  metered  into  the  system,  from 
a  high-pressure  oxygen  cylinder.  Each  backup  breathing  unit  has  its  own  oxygen  supply. 

Use  of  a  fully  transpar  ent  pressure  hull  causes  an  atypical  problem  foi  sub 
m entitles.  The  hull  material  has  a  low  heat  transfer  coefficient,  and  the  transparent 
hull  acts  as  a  hot  house  by  traoping  solar  energy,  causnig  the  interior  temperature  to 
rise.  To  reduce  cabin  temperature,  N1AKAKAI  uses  a  simple  cooling  system.  Thirty 
five  pounds  of  lea  are  stored  in  canisters  under  the  operators'  seats.  Air  is  circulated 
over  the  ice  by  two  small  fan*.  The  system  Is  sufficient  to  keep  cabin  temperatures 
down  to  65’ F  for  6  hours  If  precautions  are  taken  to  keep  the  hull  covered  until  just 
prior  to  the  dive.  The  cooling  system  also  serves  to  remove  water  vapor  from  the 
cabin  atmosphere  by  causing  it  to  condense  on  the  cool  ice  containers. 

Propulsion  for  MAKAKAI  is  provided  by  two  Kirrtan  Boeing  pi-pitch  cy¬ 
cloidal  p,opeltere.  The  cycloidal  propeller  is  capable  v*  directing  its  threst  in  any 
direction  in  the  plane  of  rotation  of  the  propeller  disc.  The  pi-pitch  propeller  is 
used  because  of  its  mechanical  simplicity  and  the  four-degree-of- freedom  propulsive 
control  that  can  be  obtained  by  usitry  two  thrusters.  The  proneller  opersitts  like  a 
paddle  wheel.  Thrust  is  generated  by  movement  of  the  individual  blacks  w»th  re¬ 
ject  to  the  water,  The  pitch  of  each  black:  is  varlad  at  it  mewes  arouno  its  orbit  so 
that  the  sum  thrust  of  ait  blades  Is  in  the  desired  direction.  Thrust  direction  is  vsried 
by  changing  tiie  relative  phasing  of  The  blades  wth  reject  to  the  disc.  By  piecing 
the  two  thrusters  it  45  deg  to  die  fore-eft  verticai  plane,  four  degrees  of  dynamo 
control  (fore-eft,  up-down,  transverse,  and  yaw)  »re  available.  This  is  done  by  sum¬ 
ming  the  threit  vectors.  Tha  coordination  of  the  vortors  is  controllad  by  tha  pilot's 
hand  connofier,  which  directs  the  thrust  resultant  in  the  direction  that  the  opera 
tor's  hand  is  moved.  The  farther  tha  herd  Is  moved  in  that  direction,  tha  greets? 
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th#  thrust  magnitude  and  vahiclc  (paw).  Drive  for  aach  thru  star  is  providad  by  a 
variable-displacement  hydraulic  motor.  Maximum  motor  ^aadis  550  rpm,  whilt 
maximum  propeller  spaed  is  150  rpm.  Speed  reduction  from  motor  to  propeller  is 
provided  by  a  large  rubber  timing  belt  and  appropriately  sized  belt  gears  on  the  motor 
and  props!  Isr. 

On  MAKAKAI  the  routine  control  signets  flights,  propulsion,  ballast  system) 
are  transmitted  over  a  single  optical  (non-hardline)  path  from  the  hull  interior  to  ex¬ 
terior,  The  advantage  of  this  system  is  that  it  eliminates  penetrators  and  their  at¬ 
tendant  problems.  The  MAKAKAI  system  can  carry  64  bits  of  binary  (on-off)  in¬ 
formation  by  means  of  three  hard  wires  and  the  optical  beam.  The  hard  wires  cur¬ 
rently  serve  as  clock  and  timing  functions.  A  conventional  hardware  system  would 
require  65  wires  to  perform  these  functions.  All  emergency  functions  we  carried  out 
of  the  pressure  hull  on  hardwire  penetrators.  Emergency  ascent  modes  conrst  of 
dropping  a  ballast  weight,  dropping  either  or  both  battery  pods,  or  as  a  final  backup 
releasing  tha  sphere  via  a  mechanical  rotary  passthrough. 

MAKAKAI  was  placed  in  the  water  for  the  first  time  in  March  1971.  A t  the 
present  time  it  is  undergoing  checkout  and  testing  in  preparation  for  material  certi¬ 
fication.  When  this  certification  is  obtained  the  Navy  will  have  a  unique  vehicle 
which  can  economically  and  efficiently  be  ucad  to  perform  many  types  of  hardware 
or  system  tests  where  mobi.y  and  visibility  are  designed. 

Pertinent  vehicle  characteristics  are  as  follows: 


Operating  depth  .  600  ft 

Crew .  2 

Length  .  . .  18  ft  7  in. 

Height  .  .  7  ft  6  in. 

Width  .  8  ft 

Weight  .  10,200  lb 

Displacement  .  11,0701b 

Variable  buoyancy  .  ±400  lb 

Submerged  center  of  Duoyancy-center  of  gravity  separation .  7  in. 

Payload  (including  2  operators) .  870  lb 

Max.  speed  .  .  .  3  kt 

Cruise  .  C.5-0-75  kt 

Endurance 

Ufa  support  .  12  hr,  primary  system 

35  hr,  secondary  system 

Power  . .  2  hr  at  3  kt 

8  hr  at  0.5  kt 
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INDEPENDENT  RESEARCH 


Proi«ct  Title 

Principal 

Investigator 

FY-71  Funding 

IS  xi  000! 

Key  to 
NARDIS 
Report 

Animal  Attraction  to 

Sunken  Submarines 

M.H.Salatar 

213449-7464 

Code  2540? 

29 

DN  034604 

Detrimental  Microbial 
Activities  in  Hyperbaric 
Facilities 

P.  R.  Kenit 
213-449-7*64 

Code  254 

11 

DN  134  618 

Biological  Degradation 
of  Seufloor  Supports 

M.  H.  Salecar 
213449-7464 

Code  25406 

16 

DN  1 14619 

Effect  of  Deep  Sea  Bot'on- 
Animals  on  Ordnance 

Or.J.W.  Hoyt 
213449-7471 

Code  25111 

9 

DN  949313 

Acoustic  Propagation 

Analysis  {in  Sonar  and 
Waapon  Research) 

Or  L.  A.  lopes 
213-449-7721 

Code  45 

26 

DN  034605 

Shark  Countermeasures 
for  Protaction  of  Navy 
Srytmmers 

Or  C  S  Johnson 

714  2257839 

Code  502 

27 

DN  94931 7 

Study  of  Mai  ins  Mammal 
Population  to  Assist  in 
Dacrimination  of  Falsa 

W.  E.  F-«is 

7 14-225-7833 

Cod-.>  502 

53 

DN  848445 

Son*  Target;  (Formerly 
Cetacean  Ecology! 
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Proitct  Title 

Principal 

Investigator 

FY-71  Funding 
(S  X  1000) 

Kay  to 
NARDIS 
Report 

Porpoiit  Sonar  Simulation. 

■n  Approach  to  Improved 

Small  Object  Detection  Sonar 

W.  E.  Evans 
714-225-7839 

Coda  62 

17 

DN  648444 

Sound  Reduction  and 

Pro  caninp  Mechanisms  of 
Marina  Mammals  for  Sonar 
and  ASWStudlw 

Dr.  S.  H.  Rldgway 
714225-7839 

Code  502 

55 

ON  949322 

Effect  of  Ocaan  Bottom 

Slop*  and  Submerged  Sea 
mounts  on  Underwater 

Sound  ftopagation  (Sonar) 

Dr.  J.  Northrop 
714-225-7627 

Coda  503 

39 

ON  949321 

Corrosion  Chemistry  it  tha 
Sea-Sad  imant  Interface 

Or.  S.  Yamamoto 
714-225-6340 

Coda  5045 

52 

DN  118746 

Sound  Scattering  end 

Trace  Element  Dis¬ 
tribution  in  the  See 

Or.  H.V  Weiss 
714-225-6340 

Code  5040 

50 

DN  118747 

Ear  Protective  Research 

M.  Lapor 

714-225-7916 

Cad*  5056 

4 

Nonacoustic  Dataction  and 
Surveillance  in  the  Deep  See 
Utilising  Trio*  Chemistry 

Or.  G.  V.  PickweH 
714225-7829 

Cod*  5046 

27 

DN  118748 

In  $ru  Saawitar  Density 
Gauge  System  -  A  Neutron 
Densitometer 

Or.G.V.  Pickwell 
714-225-7829 

Code  5045 

61 

DN  118742 

Some  Boom  Underwater 

Or.  R.  IN.  Young 
714-225-6881 

Cod*  5050 

6 

DN  949315 

Underwent  Bioacous¬ 
tic  Sources 

Dr.  IN.  C.  Cummings 
714-225-6463 

Cod*  5054 

77 

DN  848441 
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Proiact  Titlr 

Principal 

Invastloator 

FY-71  Funding 
(SX1000) 

Kay  to 
SARDIS 
flaoort 

Vtnomoui  «nd  Dangerous 

A  p  "i||j  A  flatting  Naval 

Oi-  ations 

Or.G.  V.PicktwII 
714-225-7829 

Code  5045 

32 

OP  118750 

Waka  Ostactior.  Study 
ftogram 

E.  J.Wedey 
714-225-7875 

Coda  501 

5 

Surfaca  Waw  Signal  Pr^<ws- 
ing  For  Sonar  and  Radar 

Systems  and  Other  Applica¬ 
tion* 

H.  J.  WMtehouse 
714-225-6317 

Coda  6003 

56 

DN  034603 

Ty*o-Oiman*tonal  Optical 

Signal  Procasing  With  Applica¬ 
tions  to  Sonar  and  Radar 

J.  M.  Altup 
714-225-6871 

Coda  6005 

37 

ON  118751 

Gian  Study 

W.  R. Forman 
74-2256630 

Coda  65 

40 

DN  118725 

Solidification  and  Suparc^al- 
Ing  of  Saawnar  In  Arctic 
Submarine  Research 

FJ-.W.K.  Lyon 
/ 14-2256737 

Cods  90 

32 

DN  848447 

Vilocitv  and  Attanoii^n  of 
Sound  in  liquids  and  Solu¬ 
tions  for  Sons  Rtsarch 

Or.  E.  W.  Ruse  ha 
714-225-6851 

Cod*  90 

55 

DN  848440 

Marin*  foulin* 

Jr.O.  A  Wilson 
714-2256481 

Coda  04 

75 

ON - ‘ 

*  Work  bring  parformad  by  th*  Pwnt  La  houtor  y,  Sin  Francijco  Nawl  Shipyard. 
Sprrfi-  wurb  unit  data  will  b*  submitted  by  th*  prior  ming  Libo  itory. 
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INDEPENDENT  EXPLORATORY 
DEVELOPMENT 


Project  Tit'e 

Principal 

Investigator 

Task  Area 

FY-71 
Funding 
(S  X  1000) 

Key  to 
NARDIS 

Report 

O’Anagnsn 

J.  Wham 
714-2257412 

Code  6005 

2FXX  112-001 

IDE 

DN  118763 

Supercritical  Combustion 
Gas  Thermal  Power  Plant 
lor  Undersj*  Application 

E.  Kang 
714-225-6496 

Code  6005 

ZFXX-41 2-001 

53 

DN  118764 

Capsule  Demonstration 

James  Bertling 
213-449-602 

Code  354 

ZFXX-41 2-001 

35 

Gian  Study 
(Technology) 

W.  R.  t-orman 
714-225-8630 
Code  6523 

ZFXX  412  001 

77 

DN  11B725 

New  Vihicte  »nd 

Sonar  Concept 

Studies 

Dr.  T.  G.  Lang 

714  225-6495 
Code  6005 

ZFXX-412-Q01 

90 

UN  118761 

Saline -Operated 
Hydromotor* 

R.  A.  Nelson 
714-225-6343 
Cod* 6522 

Z^XX  412-001 

38 

DN  118726 

Reinforced  Concrete 
Submersible* 

E.  N.  Rosenberg 
714  2256862 
Code  652 

ZFXX-412001 

78 

ON  118723 
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ftnhct  Titl* 

Principal 

Investigator 

Task  Area 

FY-71 

Funding 

IS  X  1000) 

Key  to 
NARDIS 
Report 

DEEP  VIEW  Submersible 

W.  R.  Forman 
714-225-6630 
Cods  6523 

ZFXX-41 2-001 

205 

DN  848438 

Transparent  Hull 
Submersible  (THS) 

D.  W.  Murphy 
808-261-4676 
Coda  6532 

ZFXX-41 2-001 

66 

DM  848437 

Adaptation  of  Hwd- 
Coupled  TV  to  CURV 

R.  L.  Watts 
714-2254343 
Code  6522 

ZFXX-41 2-001 

2 

DN  134620 

Adaptation  of  Heed- 
Coupled  TV  to  CURV 

P,  l.  Henderson 
213-449*770 

Code  2531 

ZFXX-51 2-001 

22 

DN  134620 

Sulphur  Concratt  for 
Submersible  Hull  Repair 

J.  H.  Jsnnison 
213-449-7301 
Coda  45 

ZFXX-51 2-001 

10 

DN  134621 

Flow  „.id  Optical  Effects 
Produced  by  Mineral 
Platelets 

P.J.Fett* 
213-449-7318 
Coda  4522 

ZFXX-5U-001 

17 

DN  124622 

Diver  Armor 

L.  E.  McKinley 
714-225-7841 
Coda  802 

ZFXX512-001 

33 

DN  949305 

Shark  Dart 

C.  G.  Blanc 
714-225-7839 
Coda  50? 

ZFXX-51 2-001 

21 

DN  949307 

Artificial  Pinna  {Outer 

Ear)  for  Applications  in 
Undersea  Research  and 
Exploration 

W.  0.  Squire 
714-225  6317 
Code  6000 

ZFXX  512001 

71 

ON  949310 

Target  Strength  of 
Concratt  Submarine 

Hulls 

G.  M.  Colimtr 
714-225-7505 
Code  6043 

ZFXX-51 2001 

24 

DN  118761 

Acoustic  Meteriels  for 
Sorer  and  Acoustic 
Torpedoes 

H.  J.  Whitthouse 
714-225-7622 
Code  0003 

ZFXX-51 2-001 

109 

DN  118765 
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Principal 


Proiact  Titla 

Investioator 

Spherical  Shall 

Acrylic  Window 

J.  O.StachiM 
714-225-7811 
Code  6505 

Glass  Elevator 

W.  C.  McSparron 
714-225-6865 
Coda  6521 

Hydrodynamic 

Transducer 

S.  A.  Christie 
714-225-6863 
Coda  6521 

Special  Warfare 

Targeting 

R.  L.  Saipla 

608  261-4676 
Coda  6533 

Fiber  Optical  Trans¬ 
mission 

J.T.  Radfarn 
714-225-7505 
Code  6044 

Task  Area 

FY-71 

Funding 

cs  x  loom 

Kay  to 
NARDIS 
Report 

ZFXX-51 2-001 

30 

DN  118724 

2FXX-51 2-001 

18 

ON  018729 

ZFXX-5!  2-001 

35 

DN  S49314 

ZFXX-51 2-001 

30 

DN  118727 

ZFXX-51 2-001 

69 

DN  118800 
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PUBLICATIONS 

Blanc.  C.G.,  "Pulse  Stretcher,"  NUCTN-533.  May  1971.  UNCLASSIFIED 

Evans.  W.  E..  J.  0.  Hall,  A.  B.  Irvine  and  J.  S.  Leatherwood,  "Methods  for  Tagging 
Small  Cetaceans,"  National  fishery  Ram*,  in  press. 

Evans,  W.  E..  J.  S.  Leatherwood  and  J.  D.  Hall,  "Request  for  Information  on  Tagged 
Porpoises  in  the  Eastern  Pacific,"  National  Fuharman,  July  1971. 

Hall,  J.  D.  and  C.  S.  Johnson,  "Auditory  Thresholds  of  a  Killer  Whale,  Ortinus  Otca 
Linnaeus,"  J.  Acous.  5dc.  Am.,  in  press. 

Hoyt,  J.  W.,  "Biological  Collecting  with  a  Remote-Controlled  Underwater  Vehicle," 
Marina  Tadinology  Sociaty  Journal,  Vol.  4,  1970,  p.  65. 

- ,  "High  Molecular  Weight  Algal  Substances  in  the  Sea,"  Marina  Biology, 

Vol  7.  No  2,1970. 

- .  "Pink  Urchin  of  the  Deep  Sea,"  Saa  Frontiars,  Vol.  17,  No.  3,  1971. 

Kenis.  P.  R..  "Turbulent  Flow  Friction  Reduction  Effectiveness  and  Hydrodynamic 
Degradation  of  Polysaccharides  and  Synthetic  Polymers,"  Journal  ot  Appliad 
Polymtr Scianct,  Vol.  15.  1971,  pp.  607  -618. 

-  ,  "High-Pressure  Helium  Effects  on  Bacterial  Growth.”  Bacteriological 

Proceeding! .  1971 . 

Kenis,  P  R  and  J.  W.  Hoyt,  “Friction  Reduction  by  Algal  and  Bacterial  Polymers,' 
NUC  TP  240.  1971.  UNCLASSIF  IFn 

Pickwell,  G.  V  ,  "Knotting  and  colling  behavior  in  the  pc'agic  sea  snaka.  Ptiamn 
platurus  (L.)."  Copers,  Vol.  2,  1971,  pp  348-350 

- ,  'Toward  a  biology  of  sea  snakes,”  Fauna,  Tha  Zoological  Magaama,  "to.  4, 

1971.  in  press. 
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Rosen,  M.  W.  and  Neri  Comford,  "Fluid  Friction  of  the  Slime  of  Aquatic  Animals," 
NUC  TP  193, 1970.  UNCLASSIFIED 

Salzar,  M.  H.,  "Phototaxis  in  the  Deep  Sea  Urchin  Allocentrotus  fragilis  (Jackaon)," 
Journal  of  Exptrimamal  Marin*  Biology  •"  f  Ecology ,  Vol.  5,  No.  3,  1971,  pp.  254-264. 

Weiss.  H.  V.,  M.  Koide  and  R.  Goldberg,  "Selenium  and  ulfur  in  a  Greenland  Ice 
Sheet:  Relation  to  fossil  fuel  combustion,"  Scitnct,  Vol.  172,  No.  261, 1971. 

Weiss,  H.  V.,  "The  determination  of  selenium  in  glacial  ice  by  radioactivation," 
Anatytka  Ctiimka  Acts,  in  prats. 

Weiss,  H.  V.  and  T.  Crazier,  "The  determination  of  mercury  in  the  sea  by  radioactiva¬ 
tion,"  Analytic*  Chimka  Acta,  in  press. 

Young,  Robert  W.,  "Effective  Duration  of  Sound  from  a  Moving  Source,"  J.  Anus. 

Soc.  Am..  Vol.  49. 1971.  p.  101. 

- ,  "Sound  Pressure  in  Water  from  Source  in  Air."  1  Acorn.  Sec.  Am.,  Vol.  50, 

October  1971. 


PRESENTATIONS 

Cooke.  T.  S.  and  J.  W.  Hoyt,  "Ocean  Pollution  by  Sunken  Ships,"  NUC  Symposium 
on  Environmental  Preservation.  (NUC  TP  215,  1970,  UNCLASSIFIED) 

Evans,  W.  E„  "Radio  Telemetry  Studies  of  Small  Odontocete  Cetaceans,"  U.  S. 
International  Biological  Program,  Marine  Mammal  Council,  Conference  on 
Current  Status  of  World  Whale  Stocks,  Scyline,  Luray,  Virginia,  3-4  June  1971 

- ,  "Potential  Hazards  of  Non-degradabfa  materials  at  an  Environmental 

Pollutant."  NUC  Symposium  on  Environmental  Preservation,  20-21  May  1970. 
(NUC  TP  215.  March  1971,  UNCLASSIFIED) 

- ,  "Uses  of  Advanced  Space  Technology  end  Upgrading  the  Future  Study 

of  Oceanology."  AIAA  7th  Annual  Meeting  end  Technical  Display.  Houston, 
Texes.  October  19-22.  1970. 

- ,  "Orientation  Behavior  of  Detphinicb:  Radio  TeNmetric  Studies.'’ 

Conference  of  Animal  Orientation-  Sen  so -7  Basis,  sponaored  by  New  York 
Academy  of  Sciences.  Fab.  8-10. 1971. 

Hall,  J.  0..  W  G.  Gilmentin  end  J  L.  Mattsscn,  " Investigation  of  an  Eastern  Pacific 
Pilot  While  Stranding,"  IAAAM,  26-29  April  1971,  Guefph,  Cnerro. 
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Lopes,  A.  L.,  "Application  of  tha  Rietz  Method  to  the  Cauchy  Pioblam  for  Acoustic 
Propagation  With  Variable  Speed  of  Sound/'  Conference  on  Geometrical 
Acoustics,  LaSpezia,  Italy,  September  27-30,  1971. 

Martin,  H.,  W.  E.  Eva<  .  -*nd  C .  A.  Bowers,  "Methods  for  Radio  T rack  ing  Marine 
Mammals  in  the  Open  Set,"  Transactions  of  the  IEEE  Conference  on  Engineer¬ 
ing  in  the  Oceen  Environment,  September  1971,  Sen  Diego,  California. 

Zirino,  A.  and  S.  Yamamoto.  "An  Ion-Pair  Model  for  Certain  Tree*  Metal*  in 
Seawater,"  33nd  Annual  Meeting  of  the  American  Society  of  Limnology  and 
Oceanography,  Kingston,  Rhode  Island,  28  August  1970. 


PATENTS 


NOTE  Listed  d*t«  art  fifcnf  d«tn. 


Beaucher,  G.  J.  Quk’c-release  mounting  apparatus  (U).  Navy  Case  40,425.  26  Octo¬ 
ber  1970.  UNCLASSIFIED. 

Abstract  An  underwater  quick -release  device  for  mounting  a  TV  camen  to 
a  tripod  on  the  ocean  bottom. 

Bemffr  re  rAe  Nny:  Enables  a  diver  to  easily  and  quickly  remove  the  camera 
from  the  tripod  by  the  simple  movement  of  a  lever. 


Blanc,  Clarence  G.  Shark  dart  electronic  circuit  (U).  Navy  Case  50,632.  24  July 
1970.  UNCLASSIFIED. 

Akstnct:  A  compact  electronic  circuit  has  been  designed  for  inclusion  in  the 
electric  anti  shark  dart  to  produce  Intermittent  bursts  of  high-current,  low- 
potential  incapacitating  power  for  prolonged  periods  of  time. 

Burefir  ro  the  tfmry.  The  invention  incream  the  effectiveness  of  the  electric 
anti-rftark  dart  to  provide  an  effective  means  for  neutralizing  hostile  mirine 
creatures. 


Fugftt.  R.  8.  and  Heckman.  P.  J..  Jr.  Extended  range  polarization  targe:  (Uh  Nevy 
Case  49.682.  18  March  1971.  UNCLASSIFIED 

Abstract:  A  single-reflection  or  two-reflection  retroreflective  material  is 
bonded  to  a  target  to  make  the  terget  more  readily  visible,  certtcularly 
under  adverse  conditions. 

Bemfit  re  the  Aery  Objects  which  have  been  coated  with  this  special  type  of 
surface,  such  as  practice  torpedoes,  are  more  reedPy  found  after  having  been 
lost. 

Gill.  George  Fierbert.  Carbon  dioxide  indicating  metar  (U).  Navy  Gate  51.291 
3  December  1970  UNCLASSIFIED 

Ahmet  Temperature-sensitive  resiston  are  arranged  in  an  electrical  bridge 
in  zero  balance  and  connected  to  a  source  of  constant  potential  for  com 
pertson  between  a  render  cl  wmpl*  cf  get  envelcomg  a  iirst  bridge  reei.ior 
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end  a  test  sample  of  gw  covering  a  second  bridge  resistor.  Since  CClj  has  a 
specific  heut  substantially  different  than  air,  an  impedance  change  of  the 
sacond  bridge  resistor,  indicating  a  surplus  of  C02 ,  will  unbalance  the 
bridge,  causing  a  proportional  readout  0"  a  meter. 

Benefit  to  the  Navy:  The  invention  provides  an  indication  of  dangerous  C02 
buildup  in  a  confined  space  such  as  a  submersible  interior  to  ensure  the  suc¬ 
cessful  completion  of  a  deep-submergence  operation. 

Gill,  George  Herbert,  Voltage-controlled  variable-duty-cycle  pulse  generator  (LI). 
Navy  Case  61,292.  14  December  1970,  UNCLASSIFIED. 

Abstract  :  A  pulse  generator  connected  to  a  load  has  a  variable  duty  cycle 
controlled  Dy  a  selectively  variable  source  of  DC  contro!  potential.  The  in¬ 
vention  conserves  power  and  is  of  high  reliability  due  to  its  uncomolicateo 
electrical  interconnections. 

Benefit  io  the  Navy:  The  invention  has  been  installed  in  DEEP  VIEW,  and 
wider  use  should  follow  wherever  battery  powor  must  be  conserved  end 
reliability  is  paramo  unt. 

Heckman,  P.  H..  Jr.  Cable-less  television  system  (U).  Navy  Case  49,173.  3  Decern b«r 
1970.  UNCLASSIFIED. 

Abstract:  The  apparatus  includes  s  laser  which  illuminates  a  target  area,  a  TV 
camera  tube  which  observes  the  area,  and  a  light  source  modulator,  connected 
between  the  laser  and  the  TV  camera  tube,  which  modulates  the  light  source 
in  accordance  with  the  variation  in  amplitude  of  the  composite  video  signal 
generated  Cv  the  TV  tube, 

Einerit  to  the  Navy:  The  system  does  noi  require  a  cable  or  acoustic  vgnels 
between  the  target  and  the  remote  viewing  point. 

Hirsch,  J.  Swimmer's  tactile  command  navigation  apparatus  <U ) .  Navy  Case  50,923. 
16  November  1970.  UNCLASSIFIED. 

Abstract:  m  diver's  back  pad  which  has  perpendicular  rows  of  tactile  trans¬ 
ducers  which  can  be  sequentially  energized  by  a  remote  station  to  guide  the 
diver  through,  the  water. 

Benefit  to  the  Nwy:  To  navigate  a  diver  to  and  from  an  underwater  or  surface 
station  and  communicate  commends  in  regard  to  underwater  work  assign¬ 
ments. 

Johnson,  Clarence  S.  Mnti-shark  drogue  dart  IU).  Nsvy  Case  52  375  2 A  Marc-  197 1 
UNCLASSIFIED. 

Abstract:  A  low-cost  device  foe  rendering  a  shark  incapable  of  coordinated 
movements  includes  a  m*talic  point  joined  to  a  miniature  drogue  chute 
Upon  emb.ddinc  of  the  point  ir.  a  shark,  the  chute  fills  with  water  and  pro¬ 
duces  an  equilibrium-upsetting  drag 

Benefit  to  the  Navy:  The  invention  reduces  the  hazard  posed  by  threatening 
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marine  creatures  to  increas  the  effectiveness  of  divers  operating  in  dangerous 
waters. 

Johnson,  Clarence  S.  Full-view  diver's  mask  |U).  Navy  Case  5 1,378.  15  October 
1970.  UNCLASSIFIED. 

Abstract:  A  plate  element  is  contoured  to  conform  to  a  diver's  face  and 
mounts  a  peripheral  resilient  ring  for  sealing  the  mask's  interior  from  the 
surrounding  water.  Wide-angle,  distortion-free  visibility  is  ensured  and  the 
dead  air  space  is  minimized  to  a'low  easier  clearing  and  pressure  equalization. 

Banofit  to  the  Navy:  The  invention  increases  a  diver's  field  of  vision  to  reduce 
diving  hazards  created  by  the  tunnel-like  visibility  afforded  by  conventional 
masks. 

Karig,  Horace  E.  The  supercritical  thermal  power  system  using  combustion  gases  for 
working  fluid  (U).  Navy  Case  52,148.  9  June  1971.  UNCLASSIFIED. 

Abstract:  Hydrocarbon  fuel  and  oxygen  sre  burned  in  a  combustion  chamber 
which  directly  feeds  the  exhaust  gases  to  drive  a  turbine.  The  gases  then  pass 
through  a  regenerator  and  condenser  for  removing  C02  and  water  vapor  and 
are  recomprassed  and  fed  back  to  the  combustion  chamber  to  lower  the 
temperature  of  the  burning  gases  now  being  fed  to  the  turbine.  Higher  sys¬ 
tem  efficiency  is  thusiy  realized  and  thl>  danger  of  heat  dan.  jye  to  the 
chamber  or  turbine  is  minimized. 

Benefit  to  the  Nar/'  The  invention  ideally  lends  itself  toward  application  in 
submersible*  needing  power  for  prolonged  periods  of  time. 

Langguth.  Arthur  F  Anti-shark  C02  dart  (U).  Navy  Case  52.376  16  April  1971. 
UNCLASSIFIED. 

Abstract  An  anti  shark  dart  includes  *  C02  cartridge  held  in  a  pressure-tight 
fitting  having  a  hollow  blade  communicating  with  lha  fitting's  interior  In¬ 
serting  tire  blade  into  a  threatening  creature  ruptures  the  cartndga  and  vents 
C02  into  the  creature's  body  via  the  blsOe.  The  injected  C02  either  imme 
diately  disebles  the  creeture  or  renders  it  incapable  of  self  control. 

Baetfit  to  the  Navy:  The  invention  provides  a  highly  reliable,  completely 
etfe^-  v*  device  for  countering  hostile  marine  creatures.  Widespread  use  ol 
the  invention  should  follow  wherever  such  creatures  are  expected 

Lepor,  Meyer.  Noise  protect  ve  dtrvice  (U).  Navy  Case  51.671.  28  December  1970. 
UNCLASSIFIED. 

Abstract'  A  flexible  no  sa  protective  dev  ce  is  worn  about  the  hesc  of  a 
cre.vman,  head  scarf  styie,  and  is  ’ormad  of  an  outer  sheet  of  rayon  lami¬ 
nated  on  an  inner  sheet  of  tin  loaded  vinyl,  inside  the  laminated  sheet, 
fiberous  g  ess  creates  a  dead  space  to  fo-m  an  e'fecrve  sound  attenuation 
dev  ce  that  u  comfortable  and  relative^  weightless  >o  d'Iow  it.-  effective 
use  while  the  wearer  sleeps. 

Bioefit  to  the  Navy  I  here  has  ling  been  a  oe'd  fur  a  device  wmch  blocks  out 
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high-intensity  ambient  noise  while  being  comfortable  enough  to  allow  its  use 
for  prolonged  periods  of  time  or  during  sleep. 

Lindsay,  G.  F.  and  Whitahcuse,  H.  J.  Field-delineated  acoustic  wave  device  (U). 

Navy  Case  49,426.  7  August  1970.  UNCLASSIFIED. 

Abstract:  Toe  Interdigltated  acoustic  wave  device  includes  a  third  electrode 
disposed  between  the  conventional  electrodes,  vhe  third,  shielding,  electrode 
improving  the  directivity  of  the  generated  surface  wave. 

Benefit  to  the  Navy:  The  field-delineating  electrode  improves  signal  generation 
in  multi-element  applications,  particularly  wh nr*,  coded  electrodes  are  used, 
and  reduces  cross  talk  between  adjacent  sets  of  elements. 

Lopes,  L.  A.,  Jr.  A  strapped-down  attitude  reference  system  (U).  Navy  Case  50,019. 
19  May  1971.  UNCLASSIF.ED. 

Abstract:  The  s/stem  uses  three  accelerometers  to  obtain  a  vertical  reference 
and  two  magnetometers  to  obtain  the  azimuth  of  the  reference  system. 

Benefit  to  the  Nary :  The  system  is  particularly  useful  for  vehicles  in  the  earth's 
gravitational  field,  where  the  reference  provided  by  gravity  is  lost  because  of 
the  vehicle  acceleration. 

Lopes.  L.  A..  Jr.  and  Thomas.  0.  F.  Digital  camera  I U).  Navy  Casa  50,070.  18  June 
1971.  UNCLASSIFIED. 

Abstract:  Acoustic  energy  reflected  from  a  target  impinges  upon  an  army  of 
transducer  elements,  each  of  which  corresponds  to  an  element  of  the  object 
acoustically  observed.  The  magnitude  and  phase  received  at  each  element  is 
mathematically  operated  upon,  obtaining  new  magnitudes  which,  when  ap¬ 
plied  to  a  printer,  produce  an  accurate  profile  of  the  target. 

Benefit  to  the  Navy:  The  camera  Is  able  to  distinguish  between  objects  of  the 
same  sue  but  different  profiles,  such  as  a  whale  and  a  submarine  of  the  same 
size. 

Means,  R.  W.  and  Whitehouse,  H.  J.  Amplifying  su.  face  wave  device  (U).  Navy 
Case -i9, 431.  22  July  1970.  UNCLASSIFIED. 

Abstract:  A  low-voltage  battery  is  connected  across  the  input  of  the  surface 
wave  device,  which  makes  the  device  capable  of  amplification  as  well  es 
transduction. 

Benifit  to  the  Navy  :  Amplification  of  Input  signals  will  permit  more  wide¬ 
spread  use  of  surface  wave  dsvteas  for  signal  processing. 

? irks,  Bruce  C.  Telemetry  implanting  pneumatic-powered  harpoon  (U) .  Nsvy 
Case  51,529.  2  August  1970.  UNCLASSIFIED. 

Abstract:  A  small  dart  is  seated  tn  the  barrel  of  a  pneumatic-powered  harpoon 
and  is  expelled  by  vatv.ng  a  volume  of  preaBjrized  air  through  the  barrel's 
breach.  A  package  of  instrumentation  or  a  float  is  pulled  f  omj  retaining 
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device  located  at  the  barrel'*  muzzle  to  allow  rts  being  towed  by  a  marine 
culture  aftur  the  email  dvt  hie  been  embedded  in  It. 

Stmfir  to  the  Navy:  The  invention  provides  a  means  for  attaching  instrumen¬ 
tation  to  marine  creatures  with  minimal  injury  to  the  creature  and  with  little 
risk  to  scientific  personnel. 

Rosenberg,  Edgar  N.  Hydrodynamic  transducer  (UK  Navy  Case  51,377.  27  August 
1970.  UNCLASSIFIED. 

ANoraSf.  A  freely  flooded  acoustic  transducer  includes  a  motor  driving  a 
centrifugal  pump  impelling  water  to  an  acoustic  projector  having  a  pair  of 
oppositaly  facing  radiating  pistons.  The  impelled  water  passes  through  a 
disk -shaped  stoned  duttterwheel  rotated  by  a  variable-spead  motor  to  create 
an  "on-off'  sequence,  bidirectionally  displacing  the  radiating  pistons  to  pro¬ 
ject  representative  acoustic  energy. 

Banefitta  the  Navy:  The  invention  eliminates  complicated  sealing  assemblies, 
is  non- responsive  to  ambient  pressure  variations,  and  projects  a  high-energy 
signal. 

Rosenberg,  Edgar  N.  SEAL  (U).  Navy  Case  51,379.  24  August  1970.  UNCLASS! 
FiED. 

Abstract:  An  assembly  for  sealing  a  submersible  interior  along  a  glass 
hemisphere-hull  juncture  indudes  an  annular  chamber  receiving  the  hemi¬ 
sphere's  rim  filled  with  oil  and  cooperating  with  a  plurality  of  "O"  rings  to 
eliminata  the  buildup  of  faiiuraproducing  tensile  stresses  at  the  juncture. 

Benefit  re  the  Navy:  Including  glass  es  a  structural  member  along  with  steel 
or  other  dissimilar  materials  has  obvious  advantages.  The  invention  provides 
a  way  to  achieve  a  glass-to-matai  joint  and  benefits  the  development  of  a 
deep  ocean  technology. 

Strapp,  J.  P.  and  Comfood,  N.  E.  Apparatus  for  determining  the  presence  of  a  ves 
set  by  detecting  its  waka  (U).  Navy  Case  49,787.  SMareh  1971.  UN¬ 
CLASSIFIED. 

Abatms:  A  tart  TC  junction  mounted  or.  a  submersible  vow  monitors  the 
temperature  of  the  watar,  whereby  s  marked  deviation  in  the  temperature 
of  the  wsrtar  from  a  static  value,  indicating  the  presence  of  the  wake  of  a 
vesart,  is  detectable  on  the  scab  of  an  electrical  instrument. 

Benefit  to  the  bevy  Wakes  of  either  surface  vessel:;  or  underwater  vessels, 
such  as  submarines,  may  be  detected  by  this  means 

Strapp,  J.  P.  A  homing  sy  stem  for  the  acquisition  of  a  seegoiog  target  vehicle  by 
detection  of  its  waka  (Ul.  Navy  Case  49,788.  79  April  19/1.  UNCLASSI¬ 
FIED. 

Abstract.  The  system  includes  s  horizontal  and  vertial  pslr  of  test  thermo 
couple  junctions  and  means  for  guiding  the  missile  hi  s  horizr.ntal  direction 
and  in  a  vertical  direction.  When  the  thermocup'e  junctions  detect  the  wake 
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of  a  tangoing  vehicle,  tho  missile  is  guided  in  azimuth  and  elevation  toward 
the  vehicle. 

Benefit  to  the  Nary.  Naval  countermeasures  find  detection  and  homing  systems 
particularly  useful. 

Whitehouse,  H.  J.  Surface  wave  devices  for  signal  processing  |U).  Navy  Case  02,524. 
3  February  1971.  UNCLASSIFIED. 

Abstract:  The  device  includes  coded  interdigitated  electrodes  and  a  logical 
circuitry  which  determines  the  manner  in  which  incoming  pulses  are  processed 
by  the  electrode  structure,  the  device  serving  as  a  time  compressor  or  delay 
line. 

Benefit  to  the  Mery:  The  device  permits  compact  processing  of  digital  data. 

Whitehouse,  H.  J.  Feedback-type  acoustic  wave  devices  (U).  Navy  Case  52.525. 

4 February  1671.  UNCLASSIFIED. 

Abstract:  The  distributer*  transducer  device  includes  a  feedback  loop  from 
the  output  transducer  to  the  input  transducer,  thus  permitting  positive  or 
negative  feedback,  as  desired. 

Benefit  to  the  Nery:  The  negative  feedback  verson  may  be  used  as  a  delay 
line,  wnile  the  positive  feedback  version  may  be  used  as  a  dock  oscillator, 
both  embodiments  being  capable  of  being  mounted  on  the  same  substrate, 
thus  permitting  compact  signal  processing  of  binary  data. 
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APPENDIX 

NONMILITARY  APPLICATIONS  OF 
INDEPENDENT  RESEARCH  AND 
INDEPENDENT  EXPLORATORY  DEVELOPMENT 


Preceding  Page  Blank 


IMPROVED  FIRE-FIGHTING  CA5?a~\ '.’T*. 

Under  the  IR  program,  a  stuo'-  o'  the  ^  -ct  of  solusd  :-..h-polymer  tub- 
Jtance*  or  oipe-flow  friction  coefficiv  •»  ;•  • .  m  amounts  (a  few  parts- 

per-million)  were  found  to  reduce  the  n  u:\lur  ‘  bv  v,*r  two-thirds. 

One  immediate  application  of  this  re  jeareh  is  the  development  of  fire  de¬ 
partment  pumpers  having  the  ability  of  producing  greatly  increased  water  flow  rate, 
or  further  throw  of  the  fire  stream,  with  the  same  engine  power.  Alternatively, 
smaller,  more  easily  handled  hoses  could  be  used  to  give  the  same  water  flow  as 
the  standard  hoses  now  used. 

As  a  result  of  this  research,  tha  Naw  York  City  Fire  Department1  has  been 
operating  an  experimental  pumper  using  a  polymer  identified  in  the  I R  study, 
poly  (ethylene  oxide),  as  a  drag-reducing  substance.  It  is  planned  to  include  polymer 
capability  In  a  new  buy  of  80  pumpers  for  the  New  York  Fire  Department.7 

Currently,  tha  Los  Angeles  Fire  Department  is  considering  use  of  polymers 
f6r  mountain  fires,  where  long  lengths  of  small  hoae  are  required.  The  results  of 
the  I R  program  are  being  made  available  for  this  study. 

IMPROVED  TEST  PROCEDURES  IN  TOWING  TANKS 

Under  the  I R  program,  a  study  was  begun  on  the  properties  of  exudates 
from  marine  phytoplankton  and  bacteria.  It  was  quickly  realized  that  many  micro¬ 
scopic  manna  algae  exude  high -polymer  metabolic  products  into  the  water  and  that 
these  materials  were  extremely  effective  dreg-reducers  in  turbulent  flow.  Freshwater 
•'gee  were  also  found  to  be  effective  in  reducing  the  drag  significantly  (60%  or  more 
in  cultures). 

In  towing  tanks,  unexplained  fluctuations  in  test  results  were  so  common 
tt'*f  •  *P*C**1  word,  "storm."  vwo  comad  for  periods  when  the  measured  drag  was 
far  lower  then  the  expected.  Although  much  concern  was  ex prewed,3-*  no  expla 
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■  •ation  for  towing-tank  "storms"  was  available  until  this  research  showed  that  algae 
and  bacteria  in  the  towing  tank  could,  if  given  sufficient  light  and  nutrients,  produce 
a  drag-reducing  exudate  solution  in  the  tank.  Day -to-day  variation  in  drag  results 
was  also  common. 

As  a  result  of  the  research  showing  the  possibility  of  algae  changing  the  drag 
in  towing  tanks,5-6  many  towing  tanks  have  adopted  greatly  improved  standards  of 
water  quality,  and  it  is  now  believed  that  data  reproducibility  from  towing  ranks, 
with  consequent  improvement  in  commerical  and  Navy  ship  powering  predictions, 
will  be  considerably  enhanced.  Further,  should  a  "storm"  occur,  effective  means  of 
dealing  with  it  (oxidizing  the  metabolic  products  with  chlorine  or  hydrogen  peroxide) 
are  now  on  hand. 

J.  W..  "Th*  Efftct  of  Aigol  Contaminants  on  Frictional  ft«is»anca.“  Rroc.  1 1th  tnrwrntttow 
rt>'*ing'T»nk  Coct+nnc*.  Tokyo.  1966.  p.  98 

®Hoyi.  J.  fi.,  "An  Examination  cl  Som#  Towring-T«>  .  n-Urjae."  Free.  T2th  tnmmstiono*  Totting  Tank 
Oonforwnco,  Romt,  1969. 
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